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T THE TURBULENCE in casing or tubing 


stimulation treatment. Until re- 
f the available pumping horse- 
ant just to overcome this turbulence. 


TURBULENCE IS SUPPRESSED when Slick Water or 
Slick Oil is added to the treating fluid. Injec- 
tion rates may be more than doubled or required 
horsepower may be cut by as much as 70 per cent. 


how Dowell’s new friction-reducing agents 
lp increase profits from fracturing and acidizing 


oss-section illustrations, as visualized by 
how fluid flow down casing or tubing 
iring or acidizing. They show how extreme 
tes pump horsepower; much of the avail- 
wer must be used to fight this turbulence. 
ter* and Slick Oil* - the Dowell-devel- 
educing agents for water, acid and oil - 
possible to more than double the injection 
same horsepower. In other cases, a given 
has been achieved with only one pump 
In still other cases, these agents have 

of pulling tubing. High-injection-rate 

e been performed down strings of 2%- 


inch casing in multiple tubingless completions. Slick 
Water and Slick Oil have made large fracturing treat- 
ments economical for some marginal wells by permitting 
the use of lower-cost fluids. They have helped many 
operators get exceptional production increases per 
dollar invested. 

Ask your Dowell representative how these new 
friction-reducing agents can help you increase profits 
from well stimulation. Dowell services and products 
are offered from more than 150 offices and stations 
in the United States, Canada, Venezuela, Argentina, 
Germany, France and the Sahara area. Dowell, Tulsa 
l, Oklahoma. *DOWELL TRADEMARK 
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Soviet Oil Exports in 1965 May Reach 


900,000 B/D 


Produced extravagantly, Russia undercuts crude 
price on world markets. 
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PIPELINE ENGINEER 
Compressor Station Design Fits Special Need 
Remote Control of Shoshone System 

— Lee B. Tully, Jr. and Robert L. Deutsch 


Dust in Gas Streams 
Part 2, Instruments for Collecting and 
Identifying Particles 
— Charles B. Moore, John R. Ehrenfeld, and Ncrman M 
Wiederhorn 


Pipeline Fundamentals 


Part 7, Telemetering 
Instrumentation, Controls, and Automation 


— Max T. Nigh 





WORLD-WIDE EQUIPMENT ISSUE 


Every international oil company points to economies in 
operation as reason for better financial statements in 
1960. One large area of industry economics covers 
equipment. The company whose management and engi- 
neers keep up with advances in equipment spend more 
wisely, operate more efficiently, and show solid profit. 
If you're in the oil business you must know your tools and 
know when new ones will pay for themselves with greater 
efficiency. Watch for World-Wide Equipment issue July 15. 
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_" J. F. West, president of 
i concerning a Senate nat- 


1l announced there will be 
1e mandatory oil import pro- 
in adjustments in alloca- 
ormal changes in import 
last half of 1961. He said 
currently engaged in a 
and analysis of tran- 
comments, and rebuttal 
ilting from recently held 


hearings. The last 6 months oil imports 
into area East of Rockies will be 670,933 
b/d, lowest since mandatory controls began. 


Conoco has made a long-term arrangement 
with Deutsche Erdol Aktiengesellschaft 


(DEA), Hamburg, Germany, to Supply part of 
Conoco's Libyan crude to DEA's refineries 
in Germany. Conoco plans to have crude 
available at Es Sider, the Mediterranean 
Sea terminal in Libya, in early 1962. Con- 
oco and DEA also have a company, CONDEA, 
which plans to produce and sell petrochem- 
icals in European markets. 


Kentucky Standard moved from arrange- 
ments with Jersey Standard for supplies to 
merger with Standard of California. Jer- 
sey expressed surprise that after an anti- 
trust suit over its sales to the Kentucky 
firm, the Department of Justice approved 
the merger of Kentucky Standard and Socal. 
Attorney General Kennedy said the change 
should stimulate competition. 








Over the next 10 years or So you are going 
to see one of the most severe competitive 
fights among the suppliers of fuel that's 
ever been waged, A. V. Fraser, manager of 
marketing development for the American Oil 
Company, predicted ina recent fuels forun. 
As an example, Fraser cited the fact that 
electric utilities have budgeted more than 
$52 million to promote the use of electric- 
ity tor home heating. 








Delhi-Taylor completed purchase of all 
assets of Three States Natural Gas Company 
in exchange for 1,365,526 shares of Delhi- 
Taylor common stock, James L. Sewell, 
president of Delhi-Taylor, announced. The 
purchase is subject to a production pay- 
ment reserved to Three States of $10,182,- 
000. Net value of Three States is esti- 
mated at $35.9 million. 
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We've been 'page-architectured'... 


-»emeaning The Petroleum Engineer's four international engineering/operat- 
ing magazines are undergoing an editorial face-lifting--from cover to cover 
--for an August debut. 





We trust you will readily note some of the changes. But there will be others 
of amore subtle nature, yet no less effective. These are designed to "grow 
on you." 


For example, the body type for our regular editorial content will be a ten- 
point face set on a 12-point slug. This means you will find the magazines 
considerably more “comfortable” to read. Quite a modification, yet we'll 
wager that few of our some 35,000 readers will feel any particular shock 
over the change. This is one of the tender traps in a remodeling progran. 
Others are shorter sentences, shorter paragraphs, shorter words, shorter 
stories. 


Changes with more obvious impact include the use of larger photographs and 
more white space. 


Why remodel a great magazine? Why even remodel just a perfectly good magazine? 
Why does a woman toss out a perfectly good 5-year-old dress? Styles change. 
People want something new. As long as a publisher expects to stay married to 
his reader, he'll do what you do with your wife. Grin and bear it. And remodel. 


Saying farewell to the Fifties and coming up with a new package is a long and 
tedious process. Far more than merely deciding that, for example, in August 
we'll make some changes. The issue you'll receive will be the end result of an 
associated petroleum product--midnight oil. Months of testing, trying on for 
size, mock-ups, etc. 


The architect in the program is Dr. Arthur Gould, a famous editorial con- 
sultant. His client magazines have won every major award for editorial excel- 
lence offered in the business press. 


The contractor is us. The new package is yours. 


Se Har4T 


Publisher 
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Zlectricit?y does 


Utility electric power is not only 
dependable but it offers the advantages 
of low-maintenance and automatic 
control to release manpower and cut 
payroll costs. Whether at a gathering 
station, water-flooding project, on a 


Petroleum Electric 


Power Association 
BOX 35006, DALLAS 35, TEXAS 








I? betPeP ooo 


pipeline, or in a refinery, utility electric 
power does every job better and cuts 
over-all costs to a minimum. For 
information on possible savings in your 
operation, consult your nearest Utility 
Electric Power Company today. 


Utility Electric Power 

saves money, manpower, 
maintenance and serves 
you better automatically 


A list of P.E.P.A. members will be furnished on request. 
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Course of Oil 


is management on strike? 


NO MATTER HOW you assess the world political 
conflict — prolonged by cagey, get-it-for-peanuts 
Communists and well meaning, we’ll-only-use-blanks 
Westerner you'll have to admit that in the more vital 
economic contest we've lost our speed. 

Always a good gage of economic progress is oil and 
gas consumption. Prosperous West European demand 
has soared. In Western Germany, for instance, oil prod- 
ucts use has increased 30%, 23% and 26%, respec- 
tively, in the last three years. In 1960 Japanese inland 
consumption rose 38% above 1959. (See World 
Round-Up). In the Soviet Union, consumption of oil 
products goes up about 15% a year. 

What's wrong with the USA? Oil consumption is 
barely increasing here — one or two percent. We can’t 
blame it all on natural gas expansion either. A 5% a 
year increase in the U. S., gas consumption grows faster 
in many other industrial countries. 

Our progress has slowed, our business leadership is 
limp, our prospects are uncertain. It looks as if our 
economic leaders had gone on strike. 

First, how does management strike? Certainly it 
doesn’t carry banners reading, “Labor Here Is Unfair 
to Manageme! don’t pass this line.” It doesn’t picket 
or use violence or secondary boycott. 

A management strike is more subtle, much more 
dangerous tl nation-wide union labor strike. Man- 
agement rike is so quiet and negative that full 
throated centralists never see the abyss ahead until the 
economy falls into it. Management on strike buries ideas, 
camouflages goals, weakens organization, stills frustra- 
tion with lethargy. It sounds the knell of unaware pollit- 
ical leaders who straddle the chasm between capitalism 
and socialism and trap the striving feet of a nation. 

And why should management be in a striking mood? 
That’s eas understand. Business has lost most of 


its rights. At the same time we fumbled the counter- 
revolution in Cuba our Congress voted a $1.25 minimum 
wage. Failure in a political maneuver did not stop the 
Administration from throwing another tightening string 
around economic leadership. When the body politic has 
so little regard or respect for the brains of U. S. business 
management that it decides the wages of employees, the 
rules of competition (never consistent). sets prices (as 
in natural gas), levies top heavy taxes and reduces 
management to a servant of government, you don’t have 
an economic fighting force. After 30 years of attrition 
with few breathing spells, even our magnificent tradition 
of free management weakens. Who can fight an eco- 
nomic war with the generals in the brig? 

Look at Western Germany’s industrial management. 
It is treated like a child of promise. Notice how the 
Soviet rewards successful executives of industry out of 
all proportion to what our society does. 

How different in the USA! Management is entwined 
with red tape that spools out of scores of government 
agencies. It is hit with half-baked anti-trust suits. Per- 
sonal reward is a graduated income tax that penalizes 
success. Subservience becomes more marketable than 
leadership. 

Once upon a time our free capitalist enterprise made 
a primitive wilderness into the greatest industrial nation 
on earth in an historical instant. It was the most imagina- 
tive, creative economic achievement ever conceived. 
In return we shackle our leaders and creep into a 
government-controlled economy marked “Soviet testing 
ground.” We swallow pythons of indigestible socialism 
and choke on gnats of capitalism. 

Our business and industrial executives are on strike 
whether you or they know it. Do we have the brains to 
make a settlement — to give management the right that 
has been eaten away — the freedom to be enterprising? 


— Ernestine Adams 
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OIL AND GAS 


Congrats and $25 for this quip to M. H. Barber, Continental Oil Co., Big Spring, Texas. 


* ul 


“told him to pack 


the pump” 


Whether it’s running casing for surface hole, intermediate string, oil string or tubing 
..» Lone Star Steel pipe is the brand Joe Roughneck counts on. Centrally located in 
the heart of the Mid-Continent oil producing area, Lone Star delivers API electric- 
weld casing, tubing and line-pipé on the double... in quantity! And, you can depend 
on Lone Star for quality as well as quantity. Our ultra-modern steel mill is equipped 
with the newest, most efficient tools in the industry. Rigid quality control is maintained 
from ore to finished product. 


Neighbor, wherever you are, specify Lone Star and we both get a good deal. 


TEEL 


CcCOMPAN Y 


L S EXECUTIVE—SALES OFFICES 
W. Mockingbird Lane at Roper * P. O. Box 12226 * Dallas, Texas 
DISTRICT SALES OFFICES 
912 Republic National Bank Building, Dallas, Texas 
S Houston, Texas | Midland, Texas | Tulsa, Oklahoma 
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New International Management Center 


The first 
lished in Br 


gement center in Europe has been estab- 

nd will open for operations September 1, 
announced Frederic E. Pamp, Jr., president, International 
Managem \ssociation. The IMA is the foreign arm of 
the Amer Management Association. General manager 
of the ne s Milton L. Rusk. 

The Eur i center follows the successful operation of 
IMA’s M ent Center do Brasil, opened in Sao Paulo 
last July. Sor 500 Brazilian executives have received 
training in Sao Paulo 

The Brusse nter, at 62 rue Royale facing the Parc de 
Bruxelles remodelled to provide training rooms for 
80 to 100 s in simultaneous meetings. Booths, mi- 
crophone ai nplifier equipment will be provided for 
simultaneo tion of the sessions in four languages: 
English, F1 h, German and Italian. 


person educated beyond his 
Brander Matthews 


What One Editor Thought 
of Maryland’s Union Bridge Pilot 
keful hour in the night, I got an an- 
vhy ess has lost so much in public esteem in 
eason is that business has become a 
gigantic t for government. Business collects the 
employee's tax, the social security payment, and 
the gasolir liquor, entertainment, sales, and all 
the othe On top of this business collects its 
own profits cessary levy on customers. . .. Mean- 
ipitalism, if you please) takes an 


Recent! lit 
wrote: “D 
swer to 


recent dex 


while, 
I ndeser ve 

“With« terprise, the economy would be sunk; 
yet enterp1 | with new, expensive and distasteful 
chores at (ing of minds in Washington, state capi- 
tols and cit Union Oil of California Letter. 
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Frozen Handkerchief 

The beautiful building in the photo on this page is that of 
Phoenix-Rheinrohr in Dusseldorf, Germany, manufacturers 
of petroleum equipment for all branches of the industry. 
The building is occupied entirely by this large and expanding 
company. Its clean modern lines have gained it the nickname 
of “The Frozen Handkerchief.” 


Business Gets Second Class Rating 

Business leaders believe they have become “second class 
citizens” under the Kennedy Administration, reports Col- 
umnist Victor Riesel. We read his column after writing the 
editorial, “Is Managernent on Strike?” and both reveal a 
disastrous trend -— economic management so bound and 
bled it has lost its vigor when we need it most. 

Mr. Riesel says: “. . . they say that the opinions of the or- 
ganized business community simply are not being sought. 
They say that no one in the leadership of the National Asso- 
ciation of Manufacturers or the Chamber of Commerce has 
been consulted by anyone in the Administration at any time 
before or after the creation of the 21-man presidential labor- 
management advisory committee.” 


Distrust all in whom the impulse to punish is powerful. 
—F. W. Nietzsche 


One Stout Friend 

An interesting item up about the Liberian government. 
In late 1960 a Greek-owned tanker was said to have com- 
pleted two voyages from Russia to Cuba. It carried the 
Liberian flag and because the owner did not get permission 
to carry cargoes from a Russian port, Liberia cancelied the 
registration. 


Business Offers Tax Reform Program 

Policies of the Committee for Economic Development 
are carefully thought out and well presented, so we look 
with interest to the eight-point program for changes in the 
tax law presented by the Research and Policy Committee 
of the CED, headed by T. V. Houser, chairman. 

CED is a group of 200 corporation executives and 
university presidents who work together to conduct re- 
search and formulate policy recommendations on major 
economic issues and to sponsor education on how the 
American economy operates. 

Briefly, here is the list of proposed changes which will 
“greatly improve the federal tax system and will be con- 
sistent with whatever changes may be made at a later date.” 

1. Substantial reduction of upper bracket individual in- 

come tax rates. 

2. Substitution of a tax credit for exemption of interest 

on state and local government securities. 

Greater flexibility for business in determining depre- 
ciation allowances for tax purposes. 

Taxing of profits on the sale of depreciated assets as 
ordinary income. 

Steps to reduce the “double taxation” of dividends. 
Tightening of tax compliance by recipients of interest 
and dividends — if necessary through withholding of 
tax... at the source.” 

Better measure to prevent taxpayers “from disguis- 
ing their personal expenditures as business expenses.” 
Greater appropriation of funds for tax enforcement 
and administration. 

We'd only add one comment to this. If we were doing 
CED’s public relations we'd begin with No. 8 and go back- 
wards. 
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Good Wells Make Good News 


A Report on Special Oilwell Services and Products 





While Dowell may be known best for its fracturing, acidizing and cementing 

services, other Dowell services and products are helping operators solve pro- 

duction problems every day. Here are four recent examples: 

July, 1961 

® White County, Illinois (01a0 pts cmey Completion was into the O'Hara 
lime through perforations from 3136 to 3147 feet and 3156 to 3158 feet. 
Production was only 20 bopd. Operator wanted to plug off lower zone tem- 
porarily, as well as a suspected channel between zones, so upper zone could 
be acidized. Dowell covered lower zone with peagravel and sand; then used 
Fixafrac* temporary plugging service to plug the channel. 700 gallons 
plugging fluid was u sed. Then the we ell was acidized. After treatment, pro- 
duction stabilized at 67 bopd pum 











® Beauregard Parish, South Louisiana (01d Oil Well) Perforations at 
11,000 feet were blocked by scale. When partly cleaned with acid, well 
went on vacuum; acid, and pelt water load in annulus, flooded into forma- 
tion. To avoid this flooding veh om removing scale, Dowell used 2000 gal- 
lons acid with 30-gallon slugs of temporary plug between every 250 gallons. 
As acid opened Se eeechicrs. plugging agent quickly closed them. After 
scale was removed, hole remained full while tubing was round-tripped. 














® Alberta, Canada (New Oil We This slim-hole well was completed into 
the Cardium through perforations from 3065 to 3071 feet. Operator speci- 
fied that Sandlock* sand control service follow fracturing. 100 pounds of 
plastic-coated ground walnut shells were injected in three barrels of 2% 
per cent acid, followed by one additional barrel of acid squeezed into the 
formation. At last report, no sand turns were evident. Pumps on nearby 


Bm) Ss re 
wells have had to be pulled and prod uction halted due to sand returns. 














® Ochiltree County, Texas Panhandle (01d 0il1 Well) Operator had to 
knife paraffin deposits from this 8000-foot well every five to seven days. 
Then the well was cleaned and treated by Dowell with Depban* paraffin in- 
hibitor. Since then, operator has used a chemical injection pump to inject 
one gallon of Depban into casing every three days. At last report, after eight 
months of injection with Depban, no further knifing had been required. 














Ask for full information on these and other Dowell products and services. Dow- 


. 


ell services and products are offered in North and South America, Europe and 


AVA 


North Africa. Dowell, Tulsa 1, Oklahoma. 
"DOWELL TRADEMARK 


SERVICES FOR THE OIL & GAS INDUSTRY 


DIVISION OF THE DOW CHEMICAL COMPANY 





Streamline Purchasing Setup 
One of the neatest bits of streamlining we’ve seen lately 
is the organization of the purchasing department of the 
Atlantic Refi Company into four new divisions. A 
booklet has sublished called the “Purchasing Depart- 
ment Commodity Index” which lists over 2000 different 
commodities and the respective Atlantic buyers who should 
ach item. The new managers under F. N. 
the purchasing department, are: J. W. 
R. S. Yoder and H. L. Kalbach. This 
id to suppliers who sometimes spend a 
to find the right man to see. 


be contacted or 
Mann, head 
Brasko, P. I 
should be 

lot of time trying 


IDEAS our most important, although 
sometin st re spected, commodity. 
—Gen. Alden K. Sibley 


Double Taxation on Share Owners 

A concerted effort is being made to eliminate the present 
4% tax credit and the $50 exclusion regarding share owners 
income from corporate dividends. ... Profits of most cor- 
porations are taxed by the Federal Government at rates 
up to 54° vidends, which are a part of the net earnings 
igain taxed as the income of stockholders 
at rates from to 90%. This, of course, is double taxa- 
tion and is an ous injustice and hardship on both the 
corporation and share owner. 

It is also of interest to note that this double tax does not 
exist for partnerships or individual proprietors. 

We therefore ask that you join with us in writing to your 
congressmen and senators to prevent the elimination of the 
4% tax credit a the $50 exclusion on share owners 
dividend incor 

This was 


of a company 


by Texas Gulf Producing Company, 


one of many { hat explained the Administration’s move 


to tax corpor profits twice. 


Agreement in Gas Industry Vital 

All three segments of the natural gas industry were urged 
to reach common agreement on goals and methods in order 
to bring about needed changes in regulation by Robert B. 
Eckles of Purdue University 

A great deal of the lack of common goals and policies has 
been due to the difference in purpose of each of the three 
segments—producers, pipe liners, and distributors, the uni- 
versity economic historian told a session of the Interstate 
Oil Compact Commission at the Houston midyear meeting. 

Eckles suggested that the IOCC might well begin to make 
recommendati for united action and a re-examination of 
regulatory restraints and their effect upon the use and pro- 
duction of nat | gas 


ved was once only imagined. 
—William Blake 


American Society “Acquiescent”? 

One of ou rite speakers called for a restoration of 
“common sen » our federal government” and “a quick 
switch from uiescent (but not ‘affluent’) society too 
lazy or too busy to demand the return of our freedoms,” i 
one of his forthright lectures. 

Col. Willard F. Rockwell, chairman of the board, Rock- 
well Manufacturing Company, told the Natural Gasoline 
Association that “There is not a threat to our nation which 
could not be met if we, as a nation, decide to abandon our 
acquiescent society and demand a return to constitutional 


A-10 


rights which were surrendered in times of temporary set- 
backs, when we acquiesced to the politicians’ pleas to let 
them do what they said we couldn’t do. Their schemes have 
been tried and found wanting.” 

The panacea the international socialists and pink pseudo- 
economists offer, Col. Rockwell said, are “the same old 
nostrums which ruined the prosperity of older nations — 
but they disguise the old snake oil and describe it as an en- 
tirely new antibiotic sure to cure our modern economic ills. 

“Our national debt is greater than the national debt of 
all our allies and enemies put together. Japan and Germany, 
our former enemies, are enjoying peace, prosperity and 
high employment, while our hope for peace and prosperity 
decline. Our gold reserves shrink, our dollar deteriorates, 
and our international balance of payments is slipping. These 
sorry results come from government failure to reckon with 
the law of supply and demand, and the law of diminishing 
returns.” 

The idea back of our editorial this issue, “Is Management 
on Strike?”, was that the “old snake oil” treatment had left 
management no other course except an vaconscious strike 
against infantile economics. “Acquiescence” is another name 
for the deadly quiet of management’s resistance to over- 
powering political control. 


Who loves not women, wine and song reimains a 
fool his whole life long —Martin Luther 


All Right, “Understand” it or Else 

: Senator Estes M. Kefauver told members of the American 
Management Association that current hearings before the 
Senate Sub-Committee on Anti-Trust and Monopoly will 
provide a basis for legislation designed to subject corpora- 
tion officers to the same legal disciplines which restrain union 
officials under the Landon-Griffith Bill. He didn’t say when 
he’d be for legislation designed to subject unions to the same 
legal disciplines which restrain corporations under the 
Sherman Anti-trust Act. 

He asked AMA members for “understanding” that his 
efforts as chairman of the Senate sub-committee were de- 
signed to promote “a free competitive enterprise system” 
rather than to restrict it. 


“SpaN” Takes a Bow 


Latest new company magazine to make its debut is 
Standard Indiana’s quarterly for stockholders and em- 
ployees, SpaN. The SN are larger because they are the 
company’s ticker tape letters. Byron L. Rice is editor and 
C. H. Rosenthal, assistant editor. SpaN is a handsome, well 
written magazine — it should attract interest. 


Smithsonian at Last! 

The American Petroleum Institute will assist in organiz- 
ing an accurate oil industry exhibit for the Smithsonian 
Institution. The complete petroleum industry exhibit will be 
housed in a Hall of Petroleum of a new Museum of History 
and Technology now under construction. 

T. O. Allen, Jersey Production Research, is chairman and 
L. E. Elkins, Pan American Petroleum, is vice chairman. 
J. E. Eckel, Jersey, and M. P. Huntington, Pan American, 
will serve as executive secretary and alternate secretary, 
respectively. 

Task force groups responsible for drilling, production 
operations, and reservoir engineering will be named. L. E. 
Fitzjarrald, Phillips Petroleum, is chairman of the drilling 
task force, and others will be named soon 
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Special report to users of Cat D6 and D7 track parts 


Parts you can trust 
... Cost less per hour 


Up to 25’, Longer Link Life 
at No Increase in Cost 


New track links have rails hardened deeper than any other 
brand ... hardness with file-like, wear-resistant qualities 


You can’t “see” metallurgy and heat treatment in track links. But you'll definitely see the results in the 
extra life you get from the new Cat D6 and D7 track links. These superior links will outlast all other 
brands yet the suggested price is no higher than before. 





D6, 955 AND 561 LINKS D7, 977 AND 572 LINKS 
@ “Hi-Electro” hardened rails give outstanding wear life. @ 12% thicker rails eliminate peening, rebuilding distortion. 


@ Rail wear cases are twice as deep as other brands. @ 32% thicker struts and more steel in critical areas increase 
over-all strength, resist cracking. 


@ Closer bore tolerances retain pins and bushings better. 
@ File-hard “Hi-Electro” hardened rails withstand abrasive wear. 


@ Full 1%” top rail surface to pin boss clearance allows more 
wear before roller flange contact. @ Uniform, wear-resistant rail cases deeper than other makes. 





These new track links are made from special steel, carefully pretested before manufacture. They’re 
forged, machined and heat treated to develop maximum strength and toughness. A non-peenable wear 
barrier is induced deeply into rail top and sides by exclusive “Hi-Electro” hardening. This exacting 
heat treatment permits maximum, file-like wear resistance without brittleness. 

Try the new links . . . and the many other special-purpose tractor undercarriage parts, all designed 
and built to keep your cost-per-hour to a minimum. Cat undercarriage specialists can help you select 
right combinations and give you money-saving recommendations tailored to your particular needs. 
It’s all a part of your Dealer’s Custom Track Service . . . the practical approach to lowering under- 
carriage costs by extending part life and machine availability through proper parts selection and parts care. 


| CATERPILLAR 


Etched rail cross-section shows 4 Qctenptar and Gn wwe teatetased Tesdnenathe ot Getanatinn Toaster 2 


: f . ; 
ie prin “vette — Caterpillar Tractor Co., General Offices, 
on top and sides oF new ; Peoria, Illinois, U. S. A. 





Texaco in Dakar, West Africa, is an investment in progress—and in people. 
The man with the air hose is busy with a “customer”: He is D. Magatte, a Texaco Dealer 
proud of his reputation of giving the best service in town. And Texaco is proud and 
fortunate to have men like D. Magatte representing them in many parts of the world. 
Texacc wn progress is built on helping others to develop new skills and personal 
security ) major producer, refiner and marketer of oil, ‘exaco is contributing to the 
economic stability and to the growth of countries throughout the Free World. < 

TEXACO MBOL OF WORLD-WIDE PROGRESS THROUGH PETROLEUM 
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Refineries are springing up in many 
small countries. Here is the beginning 
of construction at the Mohammadia 
refinery, Morocco, which will have 
Platformer, Unifier. The 25,000 b/d 
plant owned by SOMIP (Moroccan 
government 50%-ENI 50%). 


POLITICAL DECISIONS BURDEN 
INTERNATIONAL OIL INDUSTRY 


IN THE FIRST PART of this inter- 
national summary of world operations, 
our choice for the most striking ac- 
tivity in 1960 was growth of pipelines. 
Miles upon miles of steel tubes made 
“instant” delivery of crude oil, prod- 
ucts and natural gas in expanding mar- 
ket areas. If today’s plans are carried 
out, pipelines will increase even more 
in the future. Growing demand makes 
pipelines cheaper than other transpor- 
tation except in the Middle East where 
Tapline is losing business to giant 
tankers. 

But choosing pipeline growth as the 
most significant factor in last year’s 
review must not overshadow the weight 


ERNESTINE ADAMS 


of political decisions that piled new 
burdens on the international industry. 

In Cuba the Fidel Castro regime ex- 
propriated Shell, Esso, and Texaco re- 
fineries. In Peru, the government 
threatens more restrictions. In Colom- 
bia the oil code was amended to provide 
higher royalties and rentals and shorter 
contract terms. 

Venezuela formed its new state com- 
pany, Corporacion Venezolana de 
Petroleos, refused to grant more con- 
cessions, set up regulations for selling 
Venezuelan oil outside the country. As 
it is, the industry has moved from bad 
to worse in Venezuela since 1958 when 
the military junta then in command 
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directed a retroactive tax. Oil company 
profits, the government's take, capital 
spending by the industry, keep drop- 
ping. 

In the Far East, private companies 
seem to be fighting a losing battle with 
the Indonesian government. Ceylon is 
falling in with the state-company for- 
mula, India woos private capital and 
simultaneously loads the odds against 
its success. 

New African nations scramble for 
small domestic refineries and chemical 
fertilizer plants, offering unstable eco- 
nomic. climates along with speculative 
potential. 

France set up Union Generale des 
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transport and market 
Saharan oil. Stock is held mostly by 
other state-o | companies. UGP ac- 
quired majority interest in Caltex SAF. 
In some recent years there have been 
to private enterprise. 
The year was not one of them. 
Most events pointed in the opposite di- 
rection. ENI, Italian state firm, ex- 
panded iarkets into Europe and 
England oil in the Middle 
East, is refineries in Africa, 
trades pipelin | chemicals to Russia 
for crude 
Then the 


Petroles to refine 


signs of return 


s the USSR aiming 
pipeline bart the economy of the 
West. Its state organizations are buoy- 
ant after being freed from the deter- 
minative Stalin program to use coal 
first, consé ind keep gas in the 
ground. E» in the last three 
years has bee result of emphasis on 
the industt nd special high level 
favor. Exports increased, domestic con- 
sumption Russian oil prices 
undercut all others. The Soviet traded 
for what it wanted regardless of price. 
Private international companies were 
thrown into the heaviest battle of the 
economic wai 

Four Mi 
tries teamed UT 
the Organizati 
ing Countri 
of crude oil steady 
League Petroleum 
Beirut in October 

In spite of meetings, posted prices 
for Middle East oil dropped about 5% 
and discounts off posted prices con- 
tinued. Markets had to be held against 
private and government competition. 
Demand ross ipplies rose, prices suf- 
fered. 

The second 
port on separate 
below 


East producing coun- 
with Venezuela to form 
of Petroleum Export- 
OPEC) to keep prices 
[he Second Arab 
Congress met in 


half of our detailed re- 
countries is given 


IVORY COAST 
New republic was formerly in 
French Community. At one time SAP 
and Plymouth explored this region. 
Now Plymouth has withdrawn but 
carried an overriding in the SAP oper- 
ations. Major investment, however, 

was written off by Plymouth. 


JAMAICA 

Petroleum, Inc. (af- 
filiate of Time Petroleum, Wichita, 
Kansas) has completed its aerial mag- 
netometer interpretation over the entire 
Island, as well as the surface geology. 
Gravity met vS are expected to go 
to work this year to determine locations 
for the drilling program. Under present 
planning, 5 tests are to be drilled, 3 
from 6000 to 8000 ft and 2 to about 
12,000 ft. Initial activity is expected to 
be on the north shore in the St. Ann 
and Blowfire Hill areas. 


Jamaica-Time 
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14th Annual 
World Round-up 


PART 2 


Esso Standard Oil S.A. Ltd. is build- 
ing a 26,000 b/d hydroskimming plant 
near Kingston. This is expected to be 
completed by the end of 1962. 

Consumption: Inland, 12,700 b/d. 
Bunker, 3400 b/d, all imported in 
products. Combined this is a 15% in- 
crease from last year, when inland con- 
sumption ran 11,000 b/d and bunker, 
3000 b/d. 


JAPAN 
Prod. 10,219 b/d (23) RC 656,991 b/d 
Gas 70,739 mcf/d Runs 523,500 bd 

Japanese economy is developing at 
high speed. After an 18% rise in oil 
products demand in 1959, last year 
inland pushed 38% ahead of 1959. 
Refinery output rose 40% and 49,757 
b/d oil products were exported. Crude 
oil came in at the rate of 527,511 b/d 
and 55,898 products — mostly fuel oil 
—- were imported. 

The local industry makes the most 
of the nation’s limited oil and gas 
reserves. In 1960 geological crews 
numbered 65 and geophysical crews 
22. The 100 rigs drilled 387 wells — 
306 producing and 81 dry. There are 
now 3764 producers in the country. 

Japan Petroleum Exploration Com- 
pany has 3 wells producing in the 
Tsuchizaki field, offshore from Akita 
perfecture in northwest Honshu, all 
drilled from one platform. The last 
well flowed 1800 b/d from a 2000 ft 
depth. A new 1'4-mile submarine line 
was laid from the field to shore. The 
platform has been moved and more 
wells are being drilled here. 

Because of the heavy demand for 
crude oil development of Arabian Oil 
Company’s Persian Gulf discovery will 
doubtless be rapid. 

The table lists new refineries and 
those under construction. (Page A-15). 

Mitsui Chemical and Ethyl Corpora- 
tion set up a joint company to produce 
tetraethyl lead for the first time in 
Japan. Output is estimated at 6500 
T/yr, enough to replace Japan’s cur- 
rent imports. 

FOOTNOTES: 


Number of refineries is in parenthesis. 
. C is crude oil refining capacity per calendar 


lay. 

Crude oil and gas liquids are combined under 

production. 

? Used for Communist figures, which are gath- 
ered through published data. 


The government approved two 
license agreements between Monteca- 
tini, Milan, Italy, and two of Japan’s 
leading chemical companies — Mitsui 
Chemical Industry, and Mitsubishi 
Petrochemical, both of Tokyo, for pro- 
duction in Japan of isotactic polypro- 
pylene for plastic uses, for transparent 
films, and for textile fibers. Monteca- 
tini will supply technical assistance and 
processes. 

Phillips Petroleum, Bartlesville, 
Oklahoma, and Bridgestone Tire, 
Tokyo, Japan, have sign-1 a cis-poly- 
butadiene synthetic rubber licensing 
agreement under which Bridgestone 
will build a 10,000 T/yr plant in Japan 
using the Phillips process and technical 
knowledge. 

Bridgestone Liquefied Petroleum 
Gas Company, a Japanese firm re- 
cently formed to undertake the import- 
ation of LPG from Kuwait, signed a 
contract with Mitsubishi Nippon for 
the construction of a 33,000-ton 
tanker, capable of carrying up to 
15,000 tons of LPG in refrigerated 
form. The vessel, due for delivery by 
the end of this year, is largest refrig- 
erated gas carrier so far on order any- 
where. 

A 6-in. 40-mile natural gas line was 
completed from Nishimagaoka and 
Niigata in October and a 6-in. 463- 
mile line between Kubiki and Ohmi. A 
20-in. 39-mile line is under construc- 
tion connecting Kubiki and Nagaoka. 

Reserves: 60 million bbl oil; 15 tril- 
lion cu ft gas. 

Consumption: Inland 470,018 b/d, 
up 38%. 


JORDAN 
(1) R © 6500 b/d 
Runs 3600 b/d 

Phillips Petroleum is puiling out of 
Jordan after drilling six unsuccessful 
tests. Most of its 8-million-acre conces- 
sion was obtained from Edward Pauley 
of California. Pauley obtained the con- 
cessions in 1955, the year after an Iraq 
Petroleum Company affiliate gave up 
its concession. 

For the first time, Jordan has a re- 
finery which at present is running about 
4400 b/d. This is approximately equal 
to consumption although the product 
does not exactly match needs, so some 
imports will be continued. The owning 
company, Jordan Petroleum Refining 
Company, is part government owned, 
but the majority of shares have been 
sold to individuals. The $10 million 
refinery was constructed by SNAM 
Progetti (ENI). 

Crude oil will come from Tapline to 
the plant site at Zerqa, about 15 miles 
northeast of Amman. Jordan receives 
a pipeline transit fee from Tapline of 
$840,000 a year. 

Consumption: 3600 b/d, 12% above 
1959. 
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JAPANESE REFINERIES 


Recently Completed or Under Construction 





Where 


Company 


Nippon Mining 
Co., Ltd. 

Mitsubishi Oil 
Idemitsu Oil Co. 
Nichimo Oil Co. 
Nippon Oil Refining 


Toa Oil Co., Ltd. 
Koa Oil Co., Ltd. 
Shinazia Oil Co. 
Showa-Y okkaichi 


KENYA 

In 1960 BP-Shell Petroleum De- 
velopment Company of Kenya, Ltd., 
continued to explore its two license 
areas. It carried out extensive seismic 
and gravity surveys and, in addition, an 
aeromagnetic survey of part of the 
area. Two stratigraphic tests were 
drilled, one at Walu about 15 miles 
southwest of Hola, which reached a 
depth of 5800 ft, and the second at 
Pandangua north of Witu, which 
reached a depth of 6500 ft. 

The Frobisher company continued 
work in its license area in the north- 
east corner. Geological and gravity 
surveys were carried out. 

N. M. Mehta carried out geological 
work on his concession in the south- 
east corner of Kenya until October, 
when his license expired. At that time, 
however, an application by Mehta for 
a smaller area in the same part of the 
country was being considered. 

Shell will begin construction of its 
refinery at Mombasa at the end of 1961 
and completion is expected in 1963. 

Consumption: 15,800 b/d, 9% 
higher than the previous year. 


KOREA (North) 

A new 40,000 b/d refinery will be 
built with Russian help during the 
1961-1967 period under a_ technical 
assistance agreement signed by the two 
nations in Moscow last December. The 
USSR agreed to deliver all the crude 
required — probably via the Russian 
trans-Siberian pipeline system which is 
expected to reach the Vladivostok area 
by 1965. 

Lacking both domestic crude pro- 
duction and refining capacity, North 
Korea imports increasing amounts of 
Russian products. The 1959 total of 
244,200 tons included: gasoline 123,- 
900, diesel fuel 77,600, lubricants 
25,000, kerosine 10,100 and fuel oil 
7100 tons. 

Consumption: 5000 b/d. 


Mizushima, Okayama pref. 


Mizushima, Okayama pref. 
Tokuyama, Yamaguchi pref. Topping 
Kawasaki, Kanagawa pref. . 
Yokohama, Kanagawa pref. 
Kudamatsu, Yamaguchi pref. 
Kawasaki, Kanagawa pref. 

Marifu, Yamagushi pref. 

Yokohama, Kanagawa 

Yokkaichi, Mie pref. 

Showa Oil Co., Ltd. Kawasaki, Kanagawa pref 


Capacity 
b/sd 


30,000 

6,000 
22,200 
75,000 
21,000 
28,000 
20,000 
30,000 
40,000 
30,000 
60,000 
30,000 


KOREA (South) 


In the fall of 1959, an announce- 
ment was made that Korean Petro- 
leum Co. had been capitalized at $5 
million to construct an oil refinery. 
Political movements have deferred any 
action. 

Consumption: 11,000 b/d. 


Type 


Atmospheric distillation 
Houdriformer 
Atmospheric distillation 


KUWAIT 
Prod. 1,623,711 b/d R C 190,000 b/d 
Runs 177,439 b/d 

Refinery throughput was increased 
to meet the increasing demand for 
marine bunker fuels and also for the 
growing local market in motor spirits 
and other light products. It was neces- 
sary to raise the capacity of the bitu- 
men plant in view of the increased 
State requirements, including surfac- 
ing the Basrah road, and production at 
33,000 tons was approximately 48% 
higher than in the previous year. 

In the Kuwait Bay area a marine 
survey commenced in November to 
complete an earlier survey and was 
scheduled to finish at the beginning of 
1961. Exploration drilling continues 
at Mutriba in North Kuwait where a 
second exploratory well was spudded 
in during September, scheduled to ex- 
amine the Jurassic Formation. This 
was the target for the first well in this 
locality which was suspended after 
extended fishing operations. 

A structural drilling program was 
started in West Kuwait during October. 
This program is intended to amplify 
the results of earlier seismic work in 
this area. Twenty-two wells were com- 
pleted during the year, all productive, 
of which 18 were in the Burgan field, 
two in Minagish and two in Raud- 
hatain; the last two wells having been 
drilled to total depth in previous years 
but not completed. At the end of the 
year four rigs were engaged in drilling 
operations, and one rig was engaged 
in workovers. 

The Raudhatain field in North 


OIL AND GAS INDUSTRY (Serer!) July, 1961 


Kuwait was brought into production 
in April 1960, when the gathering cen- 
ter in this area was commissioned. The 
gathering center is connected to the 
tank farm at Ahmadi by a 30-in. tran- 
sit line, 63 miles in length. 

Temporary production facilities 
were installed in the Minagish field, 
and the three completed wells were 
placed on production, the oil being 
pumped to Ahmadi storage via one of 
the Burgan gathering centers. 

Three storage tanks of 262,800 bbl 
nominal capacity were commissioned 
at North Ahmadi tank farm in the 
first part of the year. These brought 
the effective capacity of the combined 
Ahmadi tank farms to approximately 
8,150,000 bbl. 

A gas injection plant, constructed in 
the Burgan field area, is expected to be 
in commission during 1961, and is de- 
signed to return approximately 100 
million cu ft of gas per day to the 
reservoir. 

Toward the end of 1960 construc- 
tion commenced on a 6,350 bpd LPG 
plant, and this project is expected to 
be completed toward the end of 1961. 

Consumption: 90,120 b/d includ- 
ing bunker, refinery fuel, etc., a third 
more than the previous year. 


LAOS 

Only concession here is granted to 
Soc. D’Etudes et D’Exploitation Min- 
ieres de L’Indrochine (SEEMI) made 
up of French tin mining and rubber 
companies. No work of any impor- 
tance has been done although there 
are some promising areas. 

Consumption: Only about 700 b/d, 
although this may have been stepped 
up with present military operations. 


LEBANON 
(1) R © 24,000 b/d 
Runs 18,600 b/d 

Compagnie Libanaise des Petroles 
(the German company, Elwerath and 
Lebanese interests) drilled two wells. 
The first one, El Kaa No. 1 in north 
Bekaa, near the Syrian frontier, went 
to 8389 ft before it was abandoned. 
The rig was moved south to Adloun, 
between Tyre and Sidon. This one was 
also dry. Elwerath is said to be with- 
drawing. 

Two other wells which have been 
drilled in Lebanon were also unsuccess- 
ful, one drilled in 1953 by CLP’s for- 
mer foreign associate Pacific Western, 
and one in 1947-48 by an IPC asso- 
ciated company. 

Mediterranean Refining (Caltex) is 
running at capacity, 12,500 b/d. Iraq 
Petroleum’s 11,550 b/d plant at Tripoli 
is charging about half capacity. 

Consumption: 15,720 b/d, slightly 
under 1959, 
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300,000 b/d capacity. In addition a 
20-in. pipe would be laid from Oasis’ 
Mabruk field, 36 miles east, to a junc- 
tion point between Dahra and Es Sider. 
Consumption: 3500 b/d. 


MALAGASY REPUBLIC 


This is formerly a member of the 
French Community, known as Mada- 
gascar (see African map, June, 1961 
issue). In a two-rig program of an 
affiliate of BRP {French government 
company) 6 wells were drilled, all dry. 
The drilling program alone has been 
going on 10 years. One geological and 
2 geophysical crews are working. 

Consumption: 2580 b/d imported 
products, 9% ahead of 1959. 


MALAYA 


Application to the government has 
been made by two companies to build 
refineries — both desire pioneer status, 
which grants some tax and import duty 
exemptions. 

Shell wants to build a $20 million, 
similar to the one it has under con- 
struction in Singapore. Stanvac has 
plans for a $30 million investment pro- 
gram which includes a 17,000 b/d 
refinery and participation in a chemical 
unit for fertilizer. 

Consumption: 23,300 b/d inland; 
200 b/d bunkers. 


MALI, FEDERATION OF 
Gas: 1000 mcf/d 

The Federation of Mali includes 
Senegal and Soudan, formerly terri- 
tories of French West Africa. Now 
they are autonomous members of the 
French community. The new Petro- 
leum Law enacted in 1959 was re- 
viewed in last year’s summary. 

Societe des Petroles du Senegal (BP 
50%, French interests 50%) is con- 
tinuing a one-rig drilling program and 
is carrying out a seismic reflection sur- 
vey. SAP produces about 1000 cu ft a 
day of gas from a well 19 miles East 
of Dakar, the only production in the 
country. Sixteen wildcats were dry. 

SAP (BRP 72%, others 28%) has 
signed an agreement with the Senegal 
government to construct a refinery in 
that country. The Federation now has 
an agreement to import Russian oil 
products and chemicals. 

Consumption: 3320 b/d inland. 


MALTA 
No exploration operations here since 
BP gave up drilling its one well to 
nearly 10,000 ft in 1959. 
Consumption: 3400 b/d, about the 
same as last year. 


MAURITANIA 


The new Republic of Mauritania, 
formerly one of the French Com- 


munity, granted 2 exploration permits: 
one to PETROPAR (51%), Conoco 
(25%), Cities Service (24%) of 
almost 1500 sq miles with about % 
offshore (see African map in the June, 
1961 issue); and the other to a com- 
pany composed of SAP (26%), 
EURAFREP (25% ), Conoco (25%), 
Cities Service (24%) of about 12,000 
sq miles. The latter is directly south of 
the first area on the African East 
Coast. 


MEXICO 
Prod. 297,195 b/d (7) R © 450,700 
Gas 932,536 mef/d Runs 293,113 

From news reports it appears that 
Pemex is making headway in spite of 
many obstacles. At the end of the year, 
the company’s expansion projects, in- 
cluding enlargement and organization 
of refineries, construction of petro- 
chemical plants and product and natu- 
ral gas lines were suspended. This is 
thought to be temporary pending a 
review of the program. 

Operations in 1960 were consider- 
ably better than 1959. During the year 
22 geological crews and 22 geophysical 
crews worked in potential oil and gas 
areas. Instead of the 133 rotary rigs 
active in 1959, 158 were operating in 
1960. A total of 762 wells were drilled, 
of which 578 were producers and 184 
were dry holes. In all of Mexico’s fields 
there are now 3415 wells producing. 

Production itself went up very little, 
less than 3%, but this could be attri- 
buted to the slowing down of exports, 
largely to the U. S. 

Pemex has an ambitious refining and 
petrochemical program. Here are those 
in construction or planned by Pemex: 

At Minatitlan, Fluor Engineering is 
constructing: Distillation, 50,000 b/d; 
Unifying, 53,000 b/d; Platforming, 
32,000 b/d; Udex, 5000 b/d; Hydeal, 
2000 b/d; Alkar, 1000 b/d; poly- 
merization, 2500 b/d; ammonia anhy- 
drous, 200 T/d. 

At Minatitlan, Bufete Industries is 
building a 500 b/d Hydrear. 

At Salamanca, Lummus Engineer- 
ing is constructing; Ammonia anhy- 
drous, 200 T/d; distillation, 30,000 
b/d; vacuum unit, 25,000 b/d; TCC, 
20,000 b/d. 

At Madero, McKee Engineering is 
constructing: Asphalt unit, 6300 b/d; 
coking unit, 600 b/d; ethylene, 892 
b/d; alkyl benzene, 45 T/d; copoly- 
mer GRS, 135 T/d. 

At Atzcapotz, Simon Carves is con- 
structing a polyethylene unit of 30.3 
T/d and McKee is building a 900 b/d 
ethylene unit. 

Hudson Engineering is working on 
a 150,000 mcf/d natural gasoline plant 
at La Venta; a 500,000 mcf/d plant 
at Reynosa, and a 500,000 mcf/d plant 
at Ciudad Pemex. 
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A number of pipelines will add to 
the efficiency of Pemex operations. A 
14-in. 250-mile natural gas line is being 
built from Torreon to Chihuahua. 

Three products lines are under con- 
struction. One from Torreon to Chi- 
huahua, an 8-in. 270-mile line with 
capacity of 27,000 b/d. The second 
one, Mexico City to Toluca, a 4-in. 
37-mile line with 4000 b/d capacity 
and the third one from Minatitlan to 
Mexico City, 12-in. 356-mile pipeline 
with capacity of 60,000 b/d. One 
16-in. crude line from Minatitlan 150 
miles to Salina Cruz has a 50,000 b/d 
capacity. 

Pascual Gutierrez Roldan, president 
of Pemex has managed to get the 
company on a much more substantial 
financial basis. For the first time, 
Pemex has been allowed to sell pro- 
ducts at high enough prices to make 
a profit. It pays a federal tax amount- 
ing to about 12% of Pemex revenues, 
but this has been changed so that it 
can be paid directly to the government 
instead of distributing it to multiple 
tax gatherers. Also the National Trea- 
sury in September 1960 cancelled a 
$221 million debt which had accumu- 
lated in unpaid taxes. 

An ambitious new program includes 
going into other South American 
countries to conduct oil and gas oper- 
ations. 

Credits granted to Pemex by U. S. 
and European interests in banking and 
oil equipment total more than $100 
million. Recently French manufactur- 
ers added $28 million credit. A num- 
ber of oil equipment manufacturers 
are setting up establishments in Mexico 
in order to sell to Pemex. 

Reserves: 2763 million bbl crude 
oil. Natural gas, 11,300 billion cu ft. 

Consumption: Pemex reports a 7% 
increase, 288,896 b/d. 


MONGOLIA 

(1) RC 600 b/d 
Runs 550 b/d 
Most data on Mongolia’s econo- 
mic development are shrouded in tight 
secrecy. But the remote Russian satel- 
lite, in which Red China also has more 
than a neighborly interest, in 1959, 
began importing Russian crude, taking 
27,200 tons (550 b/d) during the 
year. Apparently the Zun-Bayan refin- 

ery is processing this Russian crude. 
Mongolia also imported 92,200 tons 
of Russian petroleum products in 1959 
compared to 63,500 tons in 1958. This 
indicates that domestic crude produc- 
tion is still a long way from satisfying 
the satellite’s growing needs despite 
optimistic exploration reports from 
Mongolia’s southeastern districts bor- 

dering in Red China. 

Breakdown of 1959 products im- 
ports from Russia was: diesel fuel 


43,500 tons, gasoline 41,700, lubri- 
cants 6600, asphalt 300 and kerosine 
100. 

Consumption: 2400 b/d. 


MOROCCO 
Prod. 1990 b/d (1) R C 6300 b/d 
Gas 910 mef/d Runs 4454 b/d 

Societe Cherifienne des Petroles 
(SCP), 50% Moroccan government, 
was exploring with two geological 
crews and one geophysical crew, It had 
5 drilling rigs operating and drilled 9 
in 1960, of these 2 were producers and 
7 were dry. At the present time, the 
country has 87 oil producers and 20 
gas. All these are in small fields in the 
Rharb Basin. 

Other permits have been gran‘.d to 
SOMIP (ENI and Moroccan govern- 
ment 50-50), which spudded a well in 
Tarfay, a province, far to the south. 

Only refinery is at Petitjean. Work 
has begun at Mohammedia near Casa 
Blanca on a 25,000 b/d plant of Samir 
(ENI, Moroccan government 50-50). 
SNAM-Progetti, an ENI affiliate, is 
the contractor and the $14 million 
plant is scheduled for completion in 
1962. It will have a 4600 b/d Plat- 
former and a 4600 b/d Unifier. 

Reserves: 10 million bbl oil and 20 
billion cu ft of gas. 

Consumption: 16,000 b/d, a 10% 
increase, and 800 mcf/d gas. 


MOZAMBIQUE 
(1) R © 12,000 b/d 
Gulf-Pan Am had one geological 
crew and two geophysical crews work- 
ing over its 37,000-sq-mile concessicn. 
Drilling is planned for 1961. 
SONAREP built a 12,000 b/d refin- 
ery at Matola near Lourenzo Marques 
with Platformer, Unifier and UOP 
Merox treating unit. 
Consumption: 1100 b/d. 


MUSCAT-OMAN 
(and DHOFAR) ] 

[hese three areas form the Sultanate 
of Muscat and Oman, which has, on 
the south, the Province of Dhofar. 
Petroleum Development (Oman), an 
associate of Iraq Petroleum has 
a concession covering Muscat and 
Oman. Party months for geological 
survey were 3; for seismic, 3, and for 
gravity survey, 12. 

Four dry holes were drilled, the last 
one in 1960, and some $40 million 
have been spent. The company now 
has changed control. BP, CFP and the 
Near East Development (Socony and 
Jersey) have withdrawn, while the 
Shell Group and the Gulbenkian inter- 
ests have increased their holdings. Shell 
will operate an exploration program in 
the future. 

Dhofar Petroleum 


Cities Service 
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(Richfield has 50% working interest) 
has the concession over Dhofar and 
has drilled 14 dry holes. Although oil 
was found in several, they did not 
prove commercial and the search was 
suspended early this year. 


THE NETHERLANDS 


Prod. 34,236 b/d (3) R C 459,000 b/d 
Gas 18,000 mcf/d Runs 374,000 b/d 


Production still goes up in The 
Netherlands where NAM (Shell-Jer- 
sey) has an active, efficient exploration 
and production program. In the last 
10 years with limited areas the cutput 
has increased each year aimost dou- 
bling in the last 5 years. The bulk of 
the production comes from the 
Schoonebeek field near Rotterdam and 
the remainder from smaller fields in 
the west. NAM selected sites in 1960 
for a 3-well drilling program in the 
North Sea off the coast of South Hol- 
land. The company discovered natural 
gas reserves near Slochteren and Del- 
fzijl, which are considered very im- 
portant. 

Esso’s new 100,000 b/d refinery was 
opened in Rotterdam in the Spring of 
1960. This is the third refinery in the 
area. Caltex has a 59,000 b/d plant 
and Shell, a 300,000 b/d plant (the 
largest in Europe). Shell plans to add 
a 6700 b/d Platformer and a 15,000 
b/d hydrodesulphurization unit. 

Imperial Chemical, London, an- 
nounced plans to construct several 
plants in Rotterdam to manufacture 
petrochemicals. Actual construction 
work on first plants expected to begin 
in 1962. Company intends to spend 
$300 million on this program within 
next 10 years. Shell (60%) and 
Montecatini (40%) have organized 
N. V. Rotterdamse Polyolefiner Maat- 
schappij, which will build a factory 
at Rotterdam to make polypropylene 
for plastics. The pliant will be operated 
in conjunction with Shell's refinery. 

An important event in The Nether- 
lands was the opening of the 180-mile 
24-in. crude oil line from Rotterdam 
to refineries in the Rhine Ruhr area. 
With its harbor, this makes The 
Netherlands one of the key petroleum 
ports in the world. 

Shell has a natural gasoline plant 
under construction at Ijmuiden. It will 
handle 4% million cu ft/d. 

Reserves: 200 million bbl oil 

Consumption: 164,000 b/d, up 14% 
over last year. This is about double the 
consumption of 5 years ago. Gas con- 
sumption, 18,°00 mcf/d. 


NETHERLANDS ANTILLES 


(2) R C 650,000 b/d 
Runs 765,000 


Aruba. Lago Oil and Transport 
(Esso) charged 405,000 b/d at its 


A-17 





440,000 b/d pacity plant. This 
largest refinci the world imports 
its crude mainly from Venezuela. 
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NEUTRAL ZONE 
Prod. 136,521 b/d (1) R © 50,000 b/d 
Runs 29,114 

Production | $ growing by leaps 
and bounds. A xe during 1960 was 
136,521 b/d, | it the end of the year 
it was running 413 b/d. Two com- 
panies own tl hore concessions in 
this little sq f desert on the Per- 
sian Gulf bet n Kuwait and Saudi 
Arabia. Am Independent Oil 
Company (A composed of 10 
independents, | Kuwait’s undivided 
one-half interest and Getty Oil has 
Saudi Arabi livided one-half in- 
terest. 

Four drill 3 work-over rigs 
are operatin rea; 80 wells were 
drilled in 19¢ [here were 238 pro- 
ducing wells on April 30, 1961. 

The offst ssion is held by 
a Japanese Arabian Oil 
Company, Ltd osed of 60 Jap- 
anese firms. The first well drilled on 
the concess ered the Khafji 
oil field earl 160. Now 8 wells 
have been d each of them 
has a potent e than 6000 b/d 
or more. C s for the company 
are Intern Drilling Company 
(Holland) t Offshore Drill- 
ing Company 

The 50 Getty refinery at 
Mina Sa nly one in the 
country 

Consun 50 
ing bunk 
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NEW CALEDONIA 

After exploration on 
this Frenc 1! east of Australia 
and 6 dr ete de Recherches 
et d’Expl Petrole en Nou- 
velle-Cale BRP affiliate) sus- 
pended work 

Consumpt 
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NEW GUINEA 
(Netherlands) 

Prod. 4200 b/d 

This is island west of 
Papua. New 1 is a Netherlands 
territory al a is a part of 
Australia 
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Iran’s 513-mile products line reaches from Abadan refinery to the consumers 
of the North. Pipeline from Gachsaran to Kharg Island is the longest sub- 
marine line of 30-in. diameter ever laid; also the 99-mile line is the longest gravity 
pipeline in the world. Cost of the project — the pipeline and development of Gach- 
saran field—will involve about $100 million. (See Part 1 of international round-up.) 


drilled 7 wells last year — the 3 wild- 
cats were dry. 


NEW ZEALAND 
Prod. 15 b/d (1) R C 60 b/d 
Runs 16 b/d 

Exploration in New Zealand is car- 
ried on by Shell, BP and Todd Oil 
Services. Two geological and 2 geo- 
physical crews worked in 1960, extend- 
ing their search to South Island. There 
were 2 drilling rigs operating and 2 
wildcats were drilled, both dry. In 
addition to this search for oil in 
partnership with others, BP has been 
exploring on its own in the Marl- 
borough Province of South Island 
siace 1958, and has carried out con- 
siderable geological work there. 

There are now 4 wells producing 
from New Zealand’s small field. 

New Zealand Refining Company 
Ltd., owned by Stanvac 35%, Shell 
25%, BP 15%, Caltex 12%% and 
Todd 124% %, expects to begin at the 
end of 1961 to construct a 50,000 b/d 


oil refinery at Marsden Point, Whan- 
garei on the northeast coast of North 
Island. 

The main processing plants in the 
refinery will include a crude distillation 
unit, a catalytic reformer, a gasoline 
treatment unit, a bitumen plant, and 
possibly a gas oil hydrodesulphuriser. 
Motor spirit, gas oil, diesel oil, fuel oil 
and bitumen will be produced. 

Consumption: 35,500 b/d inland, 
up 11% from 1959 and bunker 3750 
b/d. 


NICARAGUA 

Esso is building a 5000 b/d refinery 
near Managua, which is expected to be 
completed in 1962. Cost is estimated 
at $8 to $10 million. A crude oil line is 
being constructed from Puerto Som- 
ozza to Managua. The Ralph Parson 
Company of Los Angeles, California, 
was awarded the contract for the 
refinery. 

Consumption: 2970 b/d, 
increase over the year before. 


a 7% 


Section 
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NIGERIA 
Prod. 16,500 b/d 

Nigeria became an _ independent 
member of the British Commonwealth 
October 1, 1960. It is considered one 
of the most stable of the new nations 
in Africa. 

Oil was discovered here in 1956 
by Shell-BP Petroleum Development 
Company of Nigeria. Later 4 other 
fields were added in the Niger Delta 
area and in 1959, oil was found for the 
first in the Western Region Province at 
Ughelli. Shell-BP is said to have spent 
more than $200 million since 1939 in 
the country. One reason for the high 
expense is that it includes drilling from 
two Dutch-built drilling barges which 
cost about $3% million each. The 
company has made application for 
four areas in continental shelf area 
which, if granted, will require expendi- 
ture of $17 million including drilling 
rigs for offshore operations. 

In 1959, after legislation was passed 
committing the Federal Government 
to a 50-50 oil profit sharing principle, 
Mobil Oil acquired licenses covering 
2% million acres in the Western Re- 
gion. It began drilling 13 miles from 
Lagos last fall. 

Within the last year Tennessee Oil 
and Gas has obtained an exploration 
license over more than 1 million acres 
on the coast east of Lagos. Esso is 
making a geological survey. Bids have 
been submitted by Pan American 
International, Gulf Oil, Amoseas 
(Standard California and Texaco). 
The Federal Government offered 13 
offshore plots of 1000 sq miles each for 
licensing. These command a premium 
of about $500,000 and are valid for 
3 years with an extension option for 
one year. 

Large deposits of natural gas have 
been found in the Port Harcourt area 
by Shell-BP, which is trying to attract 
gas distribution people and new indus- 
tries to the country. 

Shell-BP has reached an agreement 
with the Government to build a 20,000 
b/d refinery at Port Harcourt at a cost 
of about $34 million. 

Reserves: 150 million bbl. 

Consumption: 10,000 b/d, up 3% 
from 1959. 


NORWAY 

(1) R © 2200 b/d 
Runs 1900 b/d 
Esso-Raffineriet Norge is building a 
40,000 b/d refinery on Oslo fjord at a 
cost of $31 million. It is scheduled for 
completion in 1961. Bechtel is princi- 
pal contractor. Another refinery at the 
same place is projected by British Pe- 
troleum. It will also have a crude capac- 

ity of some 40,000 b/d. 
Consumption: 66,000 b/d, including 
bunkers, up 9% over the previous year. 


PAKISTAN 


Prod. 6400 b/d R C 7045 b/d 
Gas 80,436 mcf/d Runs 7045 b/d 


Although 8 British and American 
companies have spent some $100 mil- 
lion looking for oil in Pakistan in the 
last 10 years, mew reserves prove 
elusive. Attock Oil did find a new deep 
horizon at Dhulian field which tested 
more than 1100 b/d. Production is 
from small fields in the north of 
West Pakistan. Exploration continues. 
Twelve geological crews and 10 geo- 
physical crews are working in the coun- 
try. There were 7 drilling rigs operat- 
ing in 1960 and 14 wells were com- 
pleted, four of them wildcats. 

West Pakistan’s great gas reserves 
are its most promising resource. The 
Sui field, West Pakistan, has a reserve 
of about 5% trillion cu ft. The pipeline 
to Multan supplies it and surrounding 
areas. Large investments are needed 
to extend the gas transmission lines to 
other consuming areas. 

Shell is the only company drilling in 
East Pakistan. It discovered a gas field 
at Rasidpur in 1960 and is developing 
it. Shell has spent $25 million search- 
ing for oil in both West and East Paki- 
stan and this is the first result. 

The 11-mile gas line from Chhatak 
field to the Assam Bengal Cement 
Works was completed and also the 27- 
mile gas line from Sylhet field to the 
Fenchuganj Fertilizer and Power 
Plants. Both these East Pakistan gas 
fields were discovered by Pakistan 
Petroleum. 

At the present time, only one pipe- 
line is being built and it is a crude oil 
line from Dhulian oil field to Rawal- 
pindi refinery at Attock Oil. This is the 
only refinery in operation but a 30,000 
b/d refinery is being built at Karachi 
on the Arabian seacoast of West Paki- 
stan by Stanvac, Caltex, Burmah Oil 
and Burmah Shell. Construction began 
last year on the $35 million plant and 
is scheduled to be completed at the end 
of 1962. 

Although Government officials deny 
the rumor, there appears to be some 
doubt by Pakistanis that oil companies 
have made a sincere effort to find oil. 
In 1960 Z. A. Bhutto, Minister of Fuel, 
Power and Natural Resources, went to 
Moscow and negotiated for the first 
time with the Soviet for assistance in 
oil exploration. Under the agreement 
arrived at, Pakistan gets a loan of about 
$30 million to buy equipment and ma- 
terial and pay the salaries of Soviet 
technicians. The loan is repayable 
within 12 years at a 242 % interest per 
year. Prices for equipment and material 
shall be fixed on the basis of world 
market prices. The company publica- 
tion, PROGRESS, put out by Burmah 
Oil (also Pakistan Petroleum and Sui 


OIL AND GAS INDUSTRY pep July, 1961 


Gas Transmission) points to these 
facts: 
Since the inception of Pakistan in 


1947, the oil industry has: 


1. Surveyed oil prospects of over 
122,000 sq miles or ¥3 of the total land 
surface of Pakistan by geological and 
geophysical methods, including ground 
and aeromagnetic surveys, geological 
field studies, gravity and seismic sur- 
veys. 

2. Drilled more than 770,000 ft of 
hole in almost 100 exploratory and de- 
velopment wells. 

3. Discovered 3 oil pools and 10 gas 
fields, one of which, Sui, is among the 
largest in the world. 

4. Produced 20 million bbl of crude 
oil and 95 trillion cu ft of natural gas 
to feed the industries of Pakistan. 

5. Increased indigenous oil produc- 
tion by 560% in 13 years and gas pro- 
duction by some 1000% in 5 years. 

6. Built about 700 miles of gas pipe- 
line and have submitted plans to Gov- 
ernment for extensions by another 1000 
miles. 

7. Invested more than 41 crores of 
rupees in the search for oil alone. 

8. Contributed to the nation’s tech- 
nical manpower by providing training 
facilities and scholarships for post- 
graduate studies abroad to scores of 
meritorious Pakistani young men, both 
from within and outside the industry. 

9. Trained thousands of employees 
in modern technical methods. 

10. Revolutionized the industry of 
West and East Pakistan by the discov- 
ery of natural gas and the speedy de- 
ployment of this cheap and efficient 
fuel to the centers of industry. 


We publish this in full, not because 
it is unusual but because the oil com- 
panies’ side is seldom heard. 

Pakistan Government has approved 
agreements between West German in- 
terest and Pakistan industrialists for a 
petrochemical plant in East Pakistan. 
The Government, with PPL and the 
Comstock International Methane 
(U.S.), plan carbon black plant near 
the Sui gas fields. 

A $2 million loan from the Develop- 
ment Loan Fund to Sui Gas Transmis- 
sion was made early in 1960, for ex- 
pansion of the purification plant at 
Karachi, which will be enough to dou- 
ble capacity. In the latter part of 1960 
an agreement in principle was reached 
between India and Pakistan for the pur- 
chase of Sui natural gas from Pakistan 
by India. This could draw upon gas 
from PPL’s Sui and other fields from 
Stanvac’s gas field of Mari, and others. 

Reserves: 22 million bbl oil, 14 tril- 
lion cu ft gas. 

Consumption: Inland, 35,696 b/d; 
bunkers, 16,632 b/d. This is a 6.9% 
increase in inland consumption. 
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Camelot Nominees Pty. Ltd., who 
holds a marine permit of 10,000 sq 
miles in the Gulf of Papua, was pre- 
paring in the late 1960 for a compre- 
hensive marine reflection survey over 
the area. The traverses were actually 
commenced in January 1961 and it is 
understood that the survey will be com- 
pleted before the end of May. 

Consumption: 800 b/d. 


PARAGUAY 


Since the completion of the fourth 
dry hole in 1959, there has been no ex- 
ploration carried out by Pure Oil and 
its partners (Sinclair, Tidewater and 
Williams Brothers) in this area. 

Esso increased its storage near Asun- 
cion at an estimated cost of $300,000. 
The company’s refinery project here 
was finally abandoned. 

Prices of petroleum products in- 
creased to 25%. The government fund 
to stabilize prices has been exhausted. 

Plans were submitted by Compagnie 
Fives-Lille to build a 10,000 b/d refin- 
ery at Asuncion. 

Consumption: 2222 b/d up 11.6% 
from 1959. 


PERU 
Prod. 51,950 b/d (3) R C 48,600 b/d 
Gas 110,000 mcf/d Runs 45,400 b/d 

The Peruvian Congress is consider- 
ing a bill which will nationalize Inter- 
national Petroleum’s properties here on 
a gradual basis. International’s La Brea- 
Parinas fields, which were discovered 
in 1888, and its Lobitos fields, owned 
50-50 with Lobitos Oilfields, had net 
been brought under the new Petroleum 
Law of 1952, which is a 50-50 division 
of profits. The latest plan is a 60-40 
profit split in favor of the government 
and a 30-year concession, after which 
property reverts to the Government 
without charge. 

The German-Peruvian consortium 
(Deutsche Erdgel, Elwerath, Winter- 
shall, and the Peruvian partner, Com- 
pania Peruana de Petroleo El Orieme 
S.A.), which discovered the Maquia 
field on the Ucayali river in 1957, in 
1960 concluded a delivery contract with 
Companhia de Petroleo da Amazonia 
(Copam), for regular shipments of 
crude to Copam’s refinery at Manaos on 
the middle Amazonas (Brazil). The 
supplies to the EPF refinery at Iquitos 
will be kept up also. 

Mobil International drilled one dry 
hole this spring and began a second 
test in Eastern Peru in association with 
Peruvian, West German and Canadian 
interests. Cerro de Pasco Petroleum is 
drilling its first well on its concession 
in southern Ucayali Basin. 

Peruvian Pacific (Cities Service and 
Richfield) has opened up a field in 
deeper waters offshore from Lobitos 
and Cabo Blanco. This is drilled from 


the Rincon drilling barge to the lower 
Eocene Parinas sands. The first well had 
gas, the next 3 had oil production and 
fifth one drilled is dry. Besides the Pe- 
ruvian Pacific concession, a number 
of concessions along the Peruvian shelf 
are held by Peruvian interests. 

Belco Petroleum, New York, is drill- 
ing directional wells offshore from its 
Mirador field. 

Production was up this year due to 
increase in product prices, it was said. 

International has the largest refinery, 
the one at Talara, which is 47,000 b/d. 
Refineria Conchan-California SA (U.S. 
and Peruvian interests) is building: a 
7000 b/ d (expandable to 12,000 b/d) 
plant 15 miles southeast of Lima. 

Socal (with Bank of America) owns 
35% and will supervise construction; a 
group of Peruvians headed by Dr. Ma- 
riano Prado owns 65%. Fluor was 
awarded the contract. 

Reserves: 375 million bbl and 720 
million cu ft gas. 

Consumption: 4710 b/d, including 
bunkers, unchanged from 1959. 


PHILIPPINES 
(1) R C 25,000 b/d 
Runs 24,495 b/d 

For a detailed account of operations 
in the Philippine Islands, we refer you 
to the article by Benjamin M. Gozon, 
published in October 1960. 

The records show that 107 wells 
have been drilled in the Philippines 
since the first one went down in 1896. 
Oil results so far have been Stanvac’s 
gas discovery in Cagayan Valley in 
1958 and an oil discovery in 1959 made 
by Republic Resources Development 
Corporation near Toledo, West Cen- 
tral Cebu. Some 26 oil companies have 
157 exploration concessions covering 
36,000 sq miles. Sante Fe Drilling 
Company is the only contractor on the 
scene. 

The Philippines has one refinery 
(Caltex) with 3 more coming up. Stan- 
vac’s 24,000 b/d plant at Manila was 
completed this year at a cost of $45 
million. Foster Wheeler was the pri- 
mary contractor. 

Filoil Refining is building a 10,000 
b/d plant near Manila in Cavite Prov- 
ince to be onstream in 1962. This is 
essentially Philippine ownership with 
Gulf Oil holding 20% interest. The re- 
finery was designed by Universal Oil 
Products and Procon is building it. 

The fourth refinery is that of Shell 
75% and Filipino interest 25%, to be 
built at Tabango, Batangas. Cost of the 
25,500 b/d plant with Platformer is 
estimated at $20 million. The contract 
was awarded to Bechtel. 

This Spring a group of Senators in- 
troduced a bill to limit the market of 
non-Filipino petroleum companies to 
their 1957 levels. Any new petroleum 
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business would be reserved for 100% 
Filipino distributing companies and re- 
fineries which are at least 60% Fili- 
pino-owned. Filoil is the only company 
falling in this category. 

Consumption: 48,665 b/d, up 10% 
from 1959. 


POLAND 
Prod. 4000 b/d R C 18,000 b/d 
Gas 40,000 mcf/d Runs 16,500 b/d 

Pipelines from Russia, not domestic 
exploration, continued to provide the 
push last year for Poland’s oil and gas 
industry expansion program. 

First 50 miles of the Polish section 
of the Soviet block’s Comecon pipeline 
were laid near Plock, northwest of 
Warsaw. Beginning in late 1963 or 
early 1964, this Comecon line will start 
feeding a new refinery at Plock which 
will have an initial capacity of 40,000 
b/d. 

Meanwhile, an agreement an- 
nounced in Moscow last September 
forged another link in the chain of 
Polish dependence on Soviet fuel. The 
pact provided for increased Russian 
natural gas deliveries to Poland via a 
new pipeline to be built from gas fields 
in the western Ukraine to the Polish 
border. 

Poland’s crude production during 
1960 showed little change from the 
3500 b/d rate reported in 1959. Pre- 
liminary data indicate that 1960 nat- 
ural gas output exceeded the 424 mil- 
lion cubic meters produced in 1959. 

Imperial Chemical Industries has an 
order from Soviet bloc to design and 
construct a high pressure polyethylene 
plant in Poland. (Also in Czechoslo- 
vakia, East Germany, and Romania.) 

Crude imports from Russia came to 
683,000 metric tons in 1959 compared 
to 553,900 in 1958 and were expected 
to rise further in 1960. Products im- 
ports from the USSR are also climbing 
each year. They totaled a record 
1,098,000 tons in 1959 against 964,- 
000 in 1958. Breakdown of Polish im- 
ports of Russian products during 1959 
was: gasoline 532,100 tons, diesel fuel 
390,700, fuel oil 108,700, kerosine 49,- 
800, paraffin 8500 and lubricants 7900. 

Reserves: 24 million bbl, 200 billion 
cf gas. 

Consumption: 40,000 b/d 


PORTUGAL 
(1) R C 24,000 b/d 
Runs 25,000 b/d 

Mobil Exploration Portugal has 
given up its program in Portugal. It was 
operating on exploration rights held by 
the Government and Axel Johnson in- 
terests of Sweden. 

Only refinery is owned by SACOR 
(Government 334%, CFP 8%4%, 
private interests, remainder) at Cabo 
Ruivo near Lisbon. 


Section 


Most of the crude oil imports come 
from Iraq. By the end of 1961, the 
crude oil capacity of the refinery will 
be raised to 30,000 b/d. 

Two petrochemical plants adjacent 
to the refinery will be completed this 
year. Sociedade Portuguese de Petro- 
quimica will product ammonia, town 
gas and hydrogen. Nitratos de Portugal 
will use part of the ammonia output to 
produce fertilizer at a rate of 100,000 
T/yr. SACOR has interests in both 
these concerns. 

Consumption: 34,000 b/d, up 3% 
from 1959. - 


PORTUGUESE GUINE 

Only company operating here is 
Esso Exploration Guine, which has an 
exploration concession covering ap- 
proximately 11 million acres. Surveys 
initiated in 1958 were continued 
through 1959 and 1960. Work during 
the last year consisted of 5 party months 
of gravitometer surveys and 20 party 
months of seismic work. One explor2- 
tion drilling rig commenced operations 
late in 1960 near Joas Landim. 

Consumption: 120 b/d. 


PUERTO RICO 
(2) R C 100.000 b/d 
Runs 73,100 b/d 

Kewanee Interamerican Oil Com- 
pany is working on a 200,000-acre con- 
cession in the south central section of 
Puerto Rico. It drilled two wells in 
1960, both dry holes. 

The country has two refineries— 
Commonwealth Oil Refining Company 
plant near Ponce, which has a 82,000 
b/d capacity and Caribbean Refining 
plant at San Juan with an 18,000 b/d 
capacity. 

Consumption: 49,000 b/d, up 10% 
from 1959, 


QATAR 


Prod. 161,660 b/d (1) R C 600 b/d 
Runs 592 b/d 


There are two concession holders 
here—one is Qatar Petroleum (Iraq 
Petroleum) whose rights cover all the 
land and territorial waters to a 3-mile 
limit. The other one is Shell, which has 
the continental shelf offshore beyond 
the 3-mile limit. 

Sheli discovered oil in its third Per- 
sian Gulf well, 50 miles offshore north- 
east of Doha. Shell has spent about $21 
million on these 3 wells. One drilling 
platform was wrecked by a storm in 
1956 after drilling two dry holes. Qatar 
Petroleum production was up 3% but 
did not reach the feak, which was 175,- 
000 b/d in 1959. The company com- 
pleted a producer at Dukhan field and 
abandoned one wildcat in the north- 
east. 

At the end of the year there were 
plans for the Government to build 50 
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miles of 10-in. pipeline and 10 miles of 
6-in. pipeline to take gas from Qatar 
Petroleum’s Dukhan field to the capi- 
tal, Doha, to use in power stations and 
other installation. 

Consumption: 592 b/d. 


RHODESIA-NY ASALAND 
(Federation) 

Aminoil (American independent oil 
company) is negotiating with the Gov- 
ernment of Rhodesia to build an oil 
refinery in the southern part. This will 
give the company an outlet for its pro- 
duction in Saudi Arabia Neutral Zone. 
(See map of Africa in Part 1 for 
location. ) 


RUMANIA 
Prod. 231,000 b/d ? RC 245,000 b/d ? 
Gas 812,000 mcf/d ? Runs 235,000 b/d ? 

Rumania’s economic plan for the 
1960-1965 period, announced last year, 
shows that the nation’s crude produc- 
tion will make the smallest percentage 
gain of any major branch of industry. 
This provides new evidence that the 
insignificant growth in Rumanian 
crude output since 1957 is not a short- 
term phenomenon. 

Crude output is slated to reach 12,- 
200,000 metric tons in 1965 compared 
with 11,450,000 in 1959 and an esti- 
mated 11,600,000 in 1960. Several 
years ago, Rumania announced plans to 
produce 13,500,000 tons of crude in 
1960. 

Nearly stagnant crude output, com- 
bined with rising domestic consump- 
tion, is cutting into Rumania’s histor- 
ically-high exports of refined products 
Output of five major products (gaso- 
line, kerosine, diesel fuel, lubricants 
and fuel oil) is slated to increase from 
10,231,000 tons in 1958 to 10,530,000 
tons in 1965. During the same period, 
domestic consumption of these five 
products is to jump from 5,490,000 
tons to 6,292,000 tons annually, while 
exports fall from 4,752,000 tons to 
4,208,000 tons. (In prewar 1938, Ru- 
mania exported 73% of its oil.) 

Total Rumanian oil exports in 1959 
came to about 6,000,000 metric tons. 
Of this, 2,956,100 tons went to Russia. 

Rumania planned to boost natural 
gas output from 6782 in 1959 to 11,- 
437 million cubic meters in 1965. The 
plan provides for laying 900 miles of 
natural gas pipelines by 1965, 

Activation of Rumania’s first auto- 
matic catalytic cracking installation 
was announced last year. The unit—at 
the Onesti refinery—has an annual 
crude capacity of 250,000 tons. 

The Plan sets a goal for chemicals of 
a threefold increase. In 1960 a petro- 
chemical complex was completed at 
Borzesti and a synthetic rubber plant 
at Bicaz. 

Consumption: 128,000 b/d. 
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SAUDI ARABIA 
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finery is expected to be about 20,000 
b/d. 

Reserves: 45.6 billion bbl oil. No 
estimate for gas. 

Consumption: Inland, 12,800 b/d 
and bunkers, 38,300 b/d. This is up 
6% from last year. 


SENEGAL 
See Mali, Federation of 


SINGAPORE 

The first oil refinery in the State of 
Singapore, a 20,000 b/d plant with 
hydrotreater and Platformer, will be 
completed in September by Shell at a 
cost of approximately $12,500,000. It 
is situated at Pulau Bukom where Shell 
operates the largest storage and distri- 
bution center of crude oil and products 
in Southeast Asia. 

Another plant began construction in 
Singapore last fall. Two Japanese con- 
cerns, Maruzen Oil Company and 
Koyo Manka Kaisha, are building a 
refinery of about 20,000 b/d capacity. 
It is scheduled to be completed at the 
end of this year. Output will supply 
bunkers and fuel for power plants. 
Both projects have been granted pio- 
neer status, which means income tax 


exemption for 5 years and duty free 
imported construction material. 

Consumption: 11,800 b/d inland; 
35,100 b/d bunkers. 


SOMALI REPUBLIC 

This is a combination of what used 
to be Somalia, an Italian Trusteeship, 
and British Somaliland. Sinclair Somal 
found oil shows in a wildcat at Cariole, 
50 miles west of Omagadiscio. This is 
the sixth exploratory well drilled by 
Sinclair, which operates a 42 million 
acre concession held 50-50 with Con- 
orada (Conoco, Ohio and Amerada). 

Stanvac, which has made extensive 
surface geology studies on its conces- 
sion here (obtained in 1958) had one 
geological crew operating for 3 party 
months, a seismic crew for one party 
month and gravitometer crew for 6 
party months. 

Consumption: 400 b/d. 


SOUTHWEST AFRICA 


Etosha Petroleum Company (Texas 
Eastern Transmission) acquired a 
90,000 sq mile concession including 
the Caprivi Strip between Angola and 
Bechuanaland. It has been preliminary 
work with one geological crew. 


SPAIN 
(2) R © 150,000 b/d 
Runs 84,600 b/d 


For a complete review of operation 
in Spain and Spanish free territories, 
see the article in the September 1960 
issue by Eduardo Recasens. 

There are 14 companies and combi- 
nations of companies with exploration 
permits in Continental Spain. Most of 
these are doing some exploration work 
and drilling operations are carried on 
by 6 rotary rigs. Since 1941 there has 
been more than 70 wells drilled in the 
Spanish Mainland, many of them with 
oil and gas shows. 

Permission was given this year to 
Ohio Oil Company to build a refinery 
in Spain in association with Compania 
Iberica de Petroleos of Spain and some 
Spanish banking interests. Plans are for 
an $18 million, 25,00C o/d plant on 
the north coast. This would be an out- 
let for Ohio’s Libyan oil production. 
Ohio would provide 84% of the capital 
and the Spanish Government would 
hold 52% ownership. 

Other refineries are the Cepsa Tene- 
riffe in the Canary Islands and the 
Repesa (Spanish Government 52%, 
Caltex 24% and Cepsa 24%) Carta- 
gena refinery on the south coast of 
Spain. 

Consumption: On the mainland is 
about 90,000 b/d, 5% ahead of 1959. 
Consumption in the free Spanish ter- 
ritories, including bunkering, runs 
around 67,000 b/d. 


SPANISH GUINEA 

Only two permits have been granted 
here. No. 1 and 2 in the southwest 
corner, both to a combine of Cepsa and 
Spanish Gulf. They cover some 280,000 
acres. 

Consumption; Last report 300 b/d 
inland for 1959. Storage increased. 


SPANISH SAHARA 

In Mr. Recasens article, referred to 
under Spain, are lists of the concession 
holders in Spanish Sahara. At that time 
38 permits had been granted and since 
then 2 other concessions, comprising 
some 1.25 million acres, were awarded 
a combine of Investigaciones Petro- 
liferas and Magellan Petroleum Cor- 
poration, a company registered in 
Panama. 

Gulf and Cepsa have 5 blocks and 
began gravitometer and seismic work 
early in the spring of 1960. The first 
stratigraphic test went to 1800 ft and 
was abandoned. On another block, the 
same thing happened, and a third test 
is going down now. 

Union Oil of California is drilling a 
wildcat in the Spanish Sahara. Union 
and its partner, Compania Iberica de 
Petroleos, have three concessions total- 
ing 134 million acres — Union holding 
a 70% interest. The wildcat, Daora 
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1-1 is scheduled to go to 13,200 ft. The 
company has one geological crew in 
the field and one seismic crew operat- 
ing. 


SUDAN 


Exploration programs are carried on 
by an affiliate of ENI (in partnership 
with the Government) and by the Shell 
Group. Both Shell-BP and ENI have 
proposed refineries in the Sudan and 
have been given preliminary approval 
by the Government. 

Consumption: 7475 b/d. 


SWEDEN 


(5) R C 67,100 b/d 
Runs 54,800 b/d 


As indicated in the table, this in- 
cludes the shale oil plant at Kvarntorp. 
A. Johnson has plans for expanding its 
refinery at Nynashamn from 25,000 
to 35,000 b/d capacity by 1963. 


Domestic Refineries — 1960 
Operating Potential Actual 
Companies Crude Runs 

Cap. b/d 
b/d 
A. Johnson & Co 
Nynashamn 25,000 18,000 
Malmo 1,200 1,000 
Gothenburg 2,600 2,200 
Koppartrans (Shell 50% ) 
Gothenburg 
Swedish Shale Oil 
Kvarntorp 


36,300 32,000 


65,100 53,200 

The first petrochemical plant has 
been scheduled by Svenska Esso at 
Stenungsund, operating jointly with 
Superfosfat Fabriks and Mo och 
Domsjo. Esso is building a steam pyro- 
lysis plant of 300,000 tons annual 
capacity to produce ethylene, propy- 
lene, and butadiene. These products 
will be further processed by the two 
other companies. Superfosfat is plan 
ning a 15,000 T/yr polyethylene plant 
in partnership with Union Carbide. Mo 
och Domsjo will concentrate on the 
manufacture of ethylene oxide. The 
entire project of Esso and the two 
chemical concerns has an estimated 
cost of $38,500,000. 

There were reports that Kooperative 
Forbundet and Standard Oil of Indiana 
had plans to establish a refinery and 
petrochemical plant at Halsingborg. 

Consumption: Inland, 243,500 b/d, 
up 25%; bunkers, 9500 b/d, a total of 
253,000 b/d. Net products imported 
came to 210,200 b/d. Of this, 82,200 
b/d were black oil including 27,000 
b/d from the Soviets. 


SWITZERLAND 

Switzerland is getting oil operations 
without having to decide which gov- 
ernment should have authority over 
them. So far, the cantons have given 
concessions within their limits both for 
oil exploration and for pipeline right- 
of-way. In 1960, the Swiss Federal 


Government proposed a constitutional 
amendment under which the right to 
legislate on pipelines would be trans- 
ferred from the cantons to the Federa- 
tion, Oil exploration would remain with 
the cantons, but they would voluntarily 
work with Federal authorities policy 
directors. 

A new tax was proposed on motor 
gasoline as a means of financing road 
development. This was put up to the 
voters and they rejected it! 

Exploration goes ahead with 3 rigs 
operating in the country. SEAG, com- 
bined Swiss and German interests with 
Elwerath as operator, drilled near 
Kusnacht. BP, operating under a con- 
tract with Societe de Interets Miniers, 
began a wildcat at Courtion. A Swiss 
company, Societe des Hydrocarbures, 
began on its fourth test after drilling 
3 dry holes. PREPA has agreed to ex- 
plore on the concession of Middleland 
Oil Company in the southern part of the 
canton of Vaud. PREPA (French) will 
bear 75% of the cost and Texfel 
(USA) 25%. 

Late in 1960, ENI concluded an 
agreement with the cantonal govern- 
ment of St. Gallen, under which a pro- 
posed crude oil pipeline from Genoa to 
Southern Germany is allowed to cross 
the canton. Priority of supply to the 
pipeline would be granted the 3000 
b/d plant which is expected to be con- 
structed at St. Gallen. 

A Swiss company, Italo-Suisse, has 
started preliminary work on a 40,000 
b/d refinery at Aigle. 

Consumption: 77,915 b/d, 19% 
higher than 1959 


SYRIA 
(United Arab Republic) 
R C 20,000 b/d 
Runs 16,600 b/d 

Only exploration permit in Syria is 
held by Societe des Petroles Concordia 
and covers 5382 sq miles. Ownership 
is Deutsche Erdoel 80% and two other 
German firms 10% each. Three drill- 
ing rigs are operating and 4 wells have 
been drilled, one a producer. The dis- 
covery well, Souedie No. 1, is in north- 
east Syria. Concordia has one geolog- 
ical crew operating and in 1960 com- 
pleted 6 party months of geophysical 
work. The Karatchouk field discovered 
by Menhall, Atlantic Refining and 
Portsmouth Steel was taken over by 
the Government and is still shut-in for 
lack of outlets. 

Techint of Milan has obtained a 
contract to build a 318-mile, 6-in. prod- 
ucts pipeline from the State-owned re- 
finery at Homs to the consuming cen- 
ters of Damascus, Aleppo and Lat- 
tagia. Amount involved is about $7 
million 

The Government signed an agree- 
ment with Russia for technical assist- 
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ance in constructing a fertilizer plant 
at Homs, a 25,000-ton lubricating oil 
unit, and to make a geological survey 
of the country. 

Reserves: 280 million bbl, estimate 
of General Petroleum Authority, Sy- 
rian branch. 

Consumption: 
15% from 1959. 


TANGANYIKA 


No drilling was undertaken in 1960 
by BP-Shell Petroleum Development, 
which has the only concession here. 

Geological surveys were carried out 
in the Ruvuma area along the Tangan- 
yika-Mozambique boundary and in the 
Ugude area west of Dar-es-Salaam. 
Some 32 party months were spent on 
surface geology. 

Consumption: 7300 b/d, up a third. 


THAILAND 
(Siam) 
(1) R C 1000 b/d 
Runs 800 b/d 
The Government company oil fuel 
organization has some production at 
Farng. Several companies have filed 
applications for exploration permits, 
but only two Thai companies have re- 
ceived concessions and they have done 
only a small amount of exploration. 
After examining proposals received 
by the Thai Government for construc- 
tion and operation of an oil refinery, a 
Board of Investment subcommittee 
recommended to the full Board in 
favor of the Phillips Petroleum Com- 
pany, according to the local press re- 
ports. 
Only permission given so far is for 
a 5000 b/d refinery near Bangkok, 
which will be built by the French affil- 
iate of Hydrocarbon Research. 
Standard of Indiana has withdrawn 
from negotiations to construct a 25,000 
b/d refinery. 
Consumption: 22,800 b/d, an in- 
crease of 29% above 1959. 


TIMOR 
(Portuguese) 

The east half of Timor Island, which 
is Portuguese territory, is covered in a 
concession to Tradewinds Exploration 
(Sunset International, U. S.) and 
Timor Oil (Australian). Last year one 
geological crew was working. Matai 
No. 1 was drilled on the west end of 
Portuguese Timor. Substantial shows 
of free oil were recovered from a lime- 
stone at approximately 800 ft. The 
oil is 37 API, paraffin base, and a typ- 
ical Indonesian type crude oil. Water 
was struck at 1780 ft (fresh water and 
artesian type). Casing was run to 1044 
ft but completion failed because of the 
large amount of cement necessary to 
shut off the water, which flowed at 60 
b/hr. Operations were suspended in 


15,600 b/d, down 


Prod. 200 b/d 
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early March 1961 because of heavy 
rains and drilling will begin when the 
dry season arrives about June. 


TOGO 


Togo is a new Republic on Africa’s 
Gold Coast, formerly a French terri- 
tory. The Westonian Oil Corporation 
( Dallas, has one geological 
crew making a survey and a gravito- 
meter crew at work. The exploration 
program is continuing this year. 

Consumption: 600 b/d. 


TRINIDAD 
Prod. 116,047 b/d (2) R C 285,000 b/d 
Gas 267,540 mcf/d Runs 223,806 b/d 

Ten companies have production 
here, all in the southern part of the 
island and most of it in the southwest. 
Since it purchased Trinidad leaseholds 
in 1956, Texaco has been the largest 
refiner and producer in this British 
island, with 17 
out of the total of 42,357,329 bbl. 
British Petroleum is second with its 
subsidiary Apex (Trinidad) oil fields, 
a third interest in Trinidad Northern 
Areas, 77% interest in Trinidad Petrol- 
eum Development and all of Kern Oil- 
fields, recently acquired. 

Eight companies have exploration 
programs which kept 27 rigs operating 
in 1960. Of the 312 wells drilled, 267 
produce oil and 7 gas. 

Dominion Oil Company (SoCal) 
has been granted an exploration license 
covering about 100,000 acres in At- 
lantic Coast offshore area, beyond the 
3-mile limit. It is expected to drill a 
deep test well from a mobile platform 
in 1961. Exploration rights over 2 mil- 
lion acres off the islands east and south- 
east coasts beyond territorial waters 
were granted Pan American Interna- 
tional, Pure Oil and Sun Oil. 

Texaco expanded its Pointe-a-Pierre 
refinery to 235,000 b/d. Shell is in- 
creasing the distiller by 14,000 b/d 
capacity at its 50,000 b/d Point Fortin 
plant. 

Reser) é 

Consumpt 
increase. 


TRUCIAL COAST 


There are 7 small independent states 
in this area on the Persian Gulf and 
at last one of them, Abu Dhabi, has 
the first oil production. Exploration be- 
gan here in 1958 by Abu Dhabi Marine 
Areas (BP 66 CFP 334% %). The 
new field is 20 miles east of Das Island 
and 80 miles out in the Persian Gulf 
from the mainland coast on the Umm 
Shaif structure. Facilities are being set 
up to bring the production to shore. 
Brown and Root of Houston, Texas 
has contracted to lay a 20-mile 18-in. 
submarine pipeline from the field to 
the terminal on Das Island. 

Petroleum Development 


Texas) 


million bbl. 
43,900 b/d, a 16% 


( Trucial 
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Coast), same ownership as Iraq Petrol- 
eum, is drilling additional wells at 
Murban, where two wells had good oil 
shows. Exploration rights at Ras al 
Khaimah was relinquished by Petrol- 
eum development at the end of 1960. 


TUNISIA 
Gas 650 mcf/d 

Four concessions have been granted 
in Tunisia. Mobil and SEREPT have 
the largest area, which is in the south; 
Conorada is next to it coming to the 
north; then a strip across the waistline 
of Tunisia is the concession of SOM 
and Rimrock (Husky Oil). ENI has 
a small concession, which is part of 
the deal for the ENI-Tunisian Govern- 
ment refinery. 

The refinery is to have 20,000 b/d 
capacity and to cost about $20 million. 
Location is expected to be at the port 
of Bizerte in northern Tunisia. Origi- 
nally, it was planned to build it at 
Skirra, which is the terminus of the 
pipeline from CREPS fields in the 
French Sahara. 

A trade agreement was reached at 
the close of 1960 to import more 
petroleum products from the USSR. 

Consumption: 9,616 b/d, up 15% 
above the prior year. 


TURKEY 


Prod. 7240 b/d R C 11,600 b/d 
Runs 6600 b/d 


Discovery of a promising field by 
Mobil in southern Turkey saved ex- 
ploration in the country from the dol- 
drums. Oil search has cost the 20 
some odd companies from $70 to $75 
million with little result. Mobil’s dis- 
covery was at Bulgurdag, 30 miles east 
of Mersin, where a 64,000 b/d re- 
finery is under construction. 

In spite of the discovery, Esso an- 
nounced later that it was discontinuing 
its activities in Turkey after 6 unsuc- 
cessful years of searching for oil, at a 
cost of $20 million. The extensive geo- 


logical studies and information from 
11 dry holes were turned over to the 
Turkish Government for its use. 

Twenty-five geological crews were 
operating in 1960 along with 8 geo- 
physical crews. There were 14 active 
rigs, which drilled 35 weiis, 11 being 
producers. Total wells now producing 
in the small Turkish fields of Raman 
and Garzan are 51. 

Shell discovered oil at Kayakoy, 27 
miles northeast of Diyarbakir, at 5798 
ft, but the company is going ahead to 
the planned depth of 10,000 ft. A Ger- 
man firm, Deilmann, drilled a well in 
Turkish Thrace in behalf of them- 
selves and Shell that found oil and gas 
at 8860 ft, but this did not ‘test out 
satisfactorily. A Gulf subsidiary, Turk- 
ish Gulf, acquired a 75% interest in 
the concessions of the German firm, 
DEA. The 3 concessions are in the east 
of Turkey and Gulf will continue ex- 
plorations started by DEA. Pauley 
Petroleum Company acquired 3 li- 
censes covering some 700,000 acres in 
May last year and expects to drill its 
first well this summer in the Iskenderun 
basin near the successful Bulgurdag 
strikes of Mobil. 

[he only refinery in operation, at 
Batman, is owned by the Government 
company, Turkish Petroleum. It was 
enlarged to 11,600 b/d capacity at the 
end of 1960. The 64,000 b/d refinery 
at Mersin, costing some $50 million, 
is owned by Mobil 56%, Shell 27% 
and BP 17%. 

A 20,000 b/d refinery is to be built 
at Izmit by Turkish Petroleum 51% 
and Caltex 49%. Caltex will supply 
the crude and manage the refinery for 
10 years after which Turkish Petrol- 
eum will have the right to buy out 
Caltex’s interest. 

Reserves: About 70 million bbl. 

Consumption: 6924 b/d oil prod- 
ucts, inland and 25,293 b/d, bunker. 
The total is 9% above 1959; however, 
the inland was 3% under 1959. 











OF AFRICA 





Don’t let the new outline map of 
Africa published last month get away 
from you. That map is one of the first 
to indicate the new republics. The 
table with it will help greatly to keen 
straight on geography. Now, a map of 
Africa — first ever formed in raised 
relief — has been published. Aero 
Service Corporation, 210 East Court- 
land Street, Philadelphia, Pennsyl- 
vania, worldwide air mapping com- 
pany produced it. It’s made of a new 
plastic so tough you can walk on it. 
Mount Kilimanjaro stands up nearly 
an inch in relief on the 45 by 49-in. 
map. Printed in 10 colors, by the map’s 
scale, 1 in. equals 126 miles. Of the 47 
African nations shown, 21 are new na- 
tions, established in the past five years. 
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UGANDA 


There has been no oil exploration in 
this protectorate just west of Kenya 
since 1951. Before that 3 dry holes 
were drilled and 40 strat tests 


UNION OF SOUTH AFRICA 
(1) R C 26,000 b/d 
Runs 25,200 b/d 

As part of its prospective oil and 
gas explorations, Texas Eastern Trans 
mission will undertake an aerial mag 
netometer survey of 150,000 sq miles 
of area in Etosha Game Park 

Stanvac had a geological crew work- 
ing 9 party months in the country in 
1960. 

South African Petroleum Refinery 
(Shell and BP) began preparation 
work for its plant at Reunion Rocks 
near Durban. The $70 million, 60,000 
b/d plant is expected to be completed 
by 1963. 

SASOL, the government-owned 
South African Coal Oil & Gas Corpo- 
ration, in 1960 finally got in the black 
on its 200,000 ton oil-from-coal plant 
at Sasolburg. It is reported that Caltex 
has plans for constructing a refinery at 
Isipingo, also near Durban. 

Phillips Petroleum has combined 
with a government corporation to build 
a $3 million carbon black plant at 
Algoa Bay, near Fort Elizabeth. Its 
capacity would be 10,000 T/yr. 

Consumption: Inland, 72,700 b/d, 
3% more than 1959; bunker, 7700 


b/d. 


UNITED KINGDOM 


Prod.1730b/d (17) RC 1,027,000 b/d 
Gas 135 mcf/d Runs 892,000 b/d 


One highlight in the United King- 
dom was the strong boost in consump- 
tion. The inland demand of 895,000 
b/d is 20.9% higher than in 1959 and 
makes the United Kingdom the world’s 
second consumer after USA. Canada 
was formerly second. Also in 1960 
refining capacity went over one mil- 
lion b/d. 

British Petroleum, which has the 
concession rights for United Kingdom, 
has one geological crew working part- 
time and a geophysical crew all dur- 
ing the year. Six rigs drilled 41 wells 
and 11 were producers. There are nor 
244 wells in United Kingdom’s small 
fields. 

Refining capacity expanded 14% in 
1959 over 1958 and 16% in 1960 over 
1959 and still continued to expand 
Mobil is enlarging its Coryton, Eng- 
land plant to a capacity of 46,000 b/d 
from 37,600 b/d. Esso is building a 
90,000 b/d refinery at Milford Haven 
in Wales. Shell Refining is building a 
bitumin plant, 160,000 T/yr, at Ar- 
drossan in Scotland. 

British Petroleum plans a refinery at 


Belfast, Northern Ireland, which will 
have initial capacity of 26,000 b/d. 
The project is expected to take t.0 
years to complete and will require some 
$22% million. It will be the first oil 
refinery in Northern Ireland. 

Imperial Chemical Industries is 
building a petrochemical plant at Sev- 
ernside (Gloucestershire) of 35,000 
I'/yr. 

Esso plans a 12-in. pipeline to the 
London airport to cost about $3% 
million, a storage depot at the airport 
and a 6-in. pipeline to Avonmouth to 
cost $2’ million. 

Consumption: Inland, 895,000 b/d, 
up to 20.9%; bunker, 89,000 b/d, a 
rise of 8.5%. 


UNITED STATES 

Prod. 7,054,600 b/d RC 9,986,350 b/d 
NGL 944.673 b/d Runs 8,073,000 b/d 
Gas 35,864 mmcf/d 

In the U.S. oil operations stayed 
pretty much the same, up in some 
areas and down in others. Number of 
wells completed in 1960 was 46,810, 
the lowest number since 1952, down 
almost 10% from the 51,812 drilled 
in 1959. Production of crude oil and 
natural gas liquids together was up 
about 1%. Actually domestic crude oil 
production was almost the same as in 
1959, but gas liquids increased by 
about 7.4% over the previous year. 
Natural gas net production followed 
the same pattern it has for several 
years, expanding by 5.2% in 1960. 

Refining capacity moved up very 


INCREASES IN REAL NATIONAL PRODUCT 
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From 1950 to 1959 gains in real 
national product per capita have, 

to a considerable extent, paralleled 
gains in petroleum consumption. 
Here’s a graph showing USA in com- 
parison to West European countries. 
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slightly and crude runs to stills moved 
only 2% ahead oi 1959. 

Reserves: Crude oil reserves were 
down slightly at 31.6 billion compared 
to 31.7 billion at the close of 1959. 
Natural gas liquids were up almost 300 
million to 6.8 billion bbl. Natural gas 
had the least increase it has had since 
1954. In 1960, only 1.2 trillion cu ft 
of ge was added to reserves, bringing 
the total to 263.8 trillion cu ft. 

Consumption: Crude oil use in con- 
tinental U. S. was 9,421,500 b/d, an 
increase of 2.5 above 1959. Total de- 
mand, including domestic and export, 
was 9,878,800 b/d, 2.2% above 1959. 
All stocks decreased at the rate of 
82,600 b/d during the year of 1960. 


URUGUAY 

(1) R C 28,000 b/d 
Runs 27,000 b/d 
Only the Government’s state com- 
pany, ANCAP, can operate in the oil 
industry in Uruguay. It has been doing 
some exploration work, but no details 
are available. Capacity of the ANCAP 
refinery at Montevideo is being ex- 

panded to 45,000 b/d. 
Consumption: 33,600 b/d, up 18%. 


USSR 
Prod. 2,960,000 b/d R C 2,550,000 
Gas 4,547 mmcf/d Runs 2,345,000 

Russia’s oil and gas industry made , 
impressive gains last year in all phases ' 
of activity. Production, refining, drill- 
ing, pipeline transmission, consump- 
tion and exports were all at new peaks. 

The USSR produced 148 million 
metric tons of crude in 1960, up 14% 
from 129.5 million tons in 1959, ex- 
ceeding the government goal by 3 mil- 
lion tons. Gas output continued to lag 
behind official targets but reached 47 
billion cubic meters, against 37.2 bil- 
lion in 1959, 

Share of oil and gas in gross Soviet 
fuel production was 38.2% last year, 
compared to 34.5% in 1959. 

Production plan for 1961 calls for 
about 164 million tons of crude and 
61.7 billion cubic meters of gas. 

Soviet refinery capacity and output 
were at record highs last year. The in- 
dustry expected to refine about 10% 
more crude than in 1959. However, the 
gap between crude output and refinery 
capacity continued to widen, spurring 
crude exports. This trend will continue 
in 1961, when only 7.6 million tons of 
new primary refining capacity is sched- 
uled to go on stream, compared with 
the planned 16 million ton jump in 
crude production. A major objective 
for 1961 is a 50% increase in high 
octane gasoline output. 

Soviet petroleum exports last year 
were expected to approach the 25 mil- 
lion ton level. In 1959, they totaled 
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USSR is pushing 


million meters of exploratory drilling. 
Russia drilled a number of “super- 
deep” wells last year, mostly in the Zyr 
field on Azerbaijan’s Apsheron Penin- 
sula near Baku. In December, one Ap- 
sheron well reached a record 16,109 
ft, and several days later another crew 
went to 16,181 ft. Early this year, 13 
wells having a planned depth of over 
16,000 ft were being drilled on dry 
land or off shore in the Zyr field. 
Soviet claims on pipelaying during 
1960 are inconsistent. According to the 
official magazine Neftianoe Khoziaistvo 
(Oil Industry), about 2000 kilometers 
(1242 miles) of oil and product trunk- 
lines were activated last year, including 
the Ishimbai-Orsk and Gorki-Ryazan 
links. The USSR’s Central Statistical 
Administration reported that “about 
6000 kilometers” (3726 miles) of 
crude, product and gas lines were laid 
during 1960 and that over 2900 miles 


places, as the great steel tubes are in stiff demand. 

In 1961, the USSR plans to lay 2129 miles of gas lines 
and 1860 miles of oil lines. Under the current (1959- 
1965) plan 18,600 miles of oil 
miles of gas transmission lines will be constructed. 


trunk lines and 16,120 


Above are lines laid or being laid. 


of gas pipeline went into operation. 

The Statistical Administration also 
reported that Soviet oil pipelines han- 
dled 23% more ton-kilometers of 
liquids in 1960 than in 1959. 

During 1961, the USSR plans to lay 
about 2130 miles of gas pipeline and 
around 1860 miles of crude and prod- 
uct lines. Among the new gas pipeline 
projects will be the laying of the first 
300 miles of the 40-in., 1200-mile link 
from the huge Gazli field in Uzbekistan 
to the industrial center of Chelyabinsk 
in the central Urals. This line, longest 
and largest (in diameter) ever built in 
the USSR, is scheduled for completion 
in 1963. 

Major oil line projects to be con- 
tinued during 1961 include the trans- 
Siberian system from “Second Baku” 
fields west of the Urals to Irkutsk on 
Lake Baikal, and the Russian section 
of the Comecon or “Druzhba” (Friend- 
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ship) system which will carry “Second 
Raku” crude into Poland, East Ger- 
many, Czechoslovakia and Hungary. 
Reserves: 66 billion bb] oil and 766 
trillion cu ft gas (1,340,000 million cu 
m) is Russian estimate. 
Consumption: Estimated 2,400,000 
b/d, which is 13% more than 1959's 
estimate; all gas production. 


VENEZUELA 
Prod. 2,846,107 b/d 
(15) R C 1,003,500 b/d 
Gas 2765 mmcf/d Runs 882,283 b/d 

Although production was up only 
2.7% over 1959, Venezuela made a 
large gain in refining capacity, some 
19.5% over 1959. Contributing im- 
portantly to this increase was Mobil’s 
opening of its 50,000 b/d refinery at 
El Palito, west of Puerto Cabello. When 
it went onstream, the capacity went 
over the miilion bbl a day rate. 

The one-time great exploration ac- 
tivity has almost vanished. In 1960, 
geological crews had about 77 party 
months, and geophysical crews, 9 party 
months. Thirty-nine rigs were in oper- 
ation on the average, and 444 wells 
were drilled. Of these, 343 are pro- 
ducers bringing the total of producing 
wells in Venezuela to 9996. 


1960 Production, b/d 


Venez.-Sun 
Richmond 


Phillips 
Sinclair 
Superior 
San Jacinto 


Pigs. 5. soda 2,878,700 


Several small pipelines are under 
construction — one 12-in. 8-mile crude 
oil line, a shorter products line and 2 
small gas lines. 

No new refineries are being built, 
but United Carbon is constructing a 
$3 million carbon black plant in Va- 
lencia, 75 miles southwest of Caracas, 
that will have a capacity of 20 million 
Ib/yr. 

The general Venezuelan economic 
situation has been sluggish throughout 
1960, possibly because of political un- 
certainty aiid persistent strikes. The oil 
industry has made little progress, 
squeezed as it is between a nation that 
needs more money for its resources and 
a world market that pays less. In spite 


of this situation, Dr. Perez Alfonzo, 
Minister of Mines and Hydrocarbons, 
in the fall issued a statement that em- 
phasized what the Government feels it 
has achieved in its nationalistic policy: 
‘Fairer distribution of income between 
Government and the companies. More 
efficient Government supervision of the 
industry. Setting up of Government 
controls for production increases. Es- 
tablishment of conditions for selling 
Venezuelan oil outside of country, in- 
cluding satisfactory prices and limita- 
tions of sales to Venezuela’s natural 
markets. Refusal to grant more con- 
cessions. Creation of the Venezuelan 
Oil Corporation. 

The Government-owned Venezuelan 
Petroleum Corporation was established 
April 1921, with an initial grant of 
$750,000. The company is authorized 
to explore, exploit, refine and trans- 
port petroleum and to purchase, sell or 
to barter petroleum in any form within 
or outside the country. The Govern- 
ment-owned natural gas pipeline system 
also is to be turned over to the cor- 
poration, as well as concessions in 
proven petroleum areas. 

When criticized by political opposi- 
tion for the size of the initial grant, Sr. 
Alfonzo replied that the Venezuelan 
oil unions had offered to buy bonds of 
the new company should additional 
funds prove necessary. The new com- 
pany was first granted a concession 
adjacent to proven territory in Lake 
Maracaibo, which is the first place it 
will drili. Although the national com- 
pany is not expected to infringe on 
existing companies, it will compete with 
them. The Government has already an- 
nounced they would not grant any 
more petroleum concessions during the 
present administration. Net profits of 
the oil industry have declined another 
10% in 1960. The decline is attributed 
to increasing operating costs including 
taxes, and increasing wages following 
the February Labor Union contract. 

Reserves: About the same as last 
year — 17,354 million bbl; natural gas, 
33.3 trillion cu ft. 

Consumption: Inland, 80,648 b/d; 
bunkers, 46,901 b/d, a rise of about 
2.4% over 1959. 


VIETNAM (North) 


Petroleum consumption in Viet- 
nam, the Communist-controlled north- 
ern half of Vietnam, is continuing to 
soar with the help of products imports 
from Russia. These totaled 73,100 
metric tons in 1959 against 30,400 tons 
in 1958. Breakdown of the 1959 total 
was: gasoline 28,400 tons, kerosine 
21,600 tons, diesel fuel 20,700 tons 
and lubricants 2,400 tons. Last De- 
cember, Russia signed a long-term 
trade agreement with Vietnam provid- 
ing for increased Soviet oil products 
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deliveries during the 1961-1965 period. 
Consumption: 1550 b/d. 


VIETNAM (South) 

Stanvac and Shell proposed a 22,000 
b/d refinery to cost about $15 million. 
It will be built in Central Vietnam be- 
low the division from the communist 
section. 

Consumption: 14,500 b/d, inland; 
bunker, 200 b/d, unchanged from the 
previous year. These figures include 
Cambodia. 


YEMEN 


The concession holder here has 
changed from year to year. C. Deil- 
mann Bergbau of Germany did some 
work on the concession in 1953. Then 
the Yemen Development Corporation, 
(Oil and Gas Property Management, 
Dallas, chief owner) took over in 1955 
and Deilmann pulled out. New York 
interests bought into Yemen Develop- 
ment Corporation and were carrying 
on exploration work when armed ship- 
ments from communist countries be- 
gan coming in and the crews left. 
Apparently no work was done in 1960 
and in the spring of 1961, John Mecom 
acquired a 10,000 sq mile concession 
in the coastal region and offshore. Drill- 
ing is scheduled in 1961. 


YUGOSLAVIA 
Prod. 18,836 b/d (3) R C 30,000 b/d 
Gas 5274 mcf/d Runs 26,000 b/d 

Production rose 59% over 1959. 
The new oil field in Croatia near Sisak 
was put into regular production and 
another discovery near Novska, south- 
east of the same area, will also make 
an important contribution to produc- 
tion. 

Some expansion took place in the 3 
refineries in the country, and a 24,000 
b/d refinery has been scheduled ai 
Pancevo near Belgrade. Yugoslavia has 
received $23 million from the U. S. 
Development Loan Fund to cover pur- 
chases in the U. S. for a petro-chemical 
plant near Zagreb. Organsko Kemijska 
Industrija’s plant will produce 10,000 
tons of polyethylene, 4000 tons styrene, 
4000 tons of polystyrene, 6000 tons 
phenol and 3600 tons of acetone an- 
nually. Foster Wheeler is the contrac- 
tor. Total cost will be $35 million. 

Consumption: 23,000 b/d. Despite 
higher domestic crude production, Yu- 
goslavia continues to import considera- 
ble Russian crude. 1959 imports in- 
cluded 413,400 metric tons of crude 
oil and 24,800 tons of products. 


ZANZIBAR 


BP-Shell has the only concession on 
this island off Tanganyika in the Indian 
Ocean. There has been no drilling since 
1957. Zanzibar is a British protectorate. 

** 
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SOVIET OIL EXPORTS IN 1965 
MAY REACH 900,000 i3/D 


f crude oil and nat- 
) be tapped by the 
probably exceeds 
vecause the geolog- 
ically attractiv 1 is larger. The So- 
viets have just made a good start on 
the road to loping their crude oil 
and natural gas resources, and we are 
well along. They are about as far down 
the road as we it the end of 1929. 
In 1960 duced a little over 
one billior is of crude oil and 
u ft of natural gas, 

t our production rate 


THE AMOUNT 
ural gas 

drill in the USSR 
that of the USA | 


almost 1.7 t 
which was 
in 1929 

Their task d is far easier, how- 
ever, than « has been since 1929. 
The finding, developing and producing, 
refining and transportation, technology 
which we | leveloped laboriously 
and sometimes slowly since that time 
is now in large part available to them. 
That they smployed this tech- 
nology is ited by recent results. 
They became the world’s second lazgest 
producing 1 in 1960 with a pro- 
duction of 000 bbl a day, relegat- 
ing Venezuel third place. 

Their exploratory program is large 
and far-flung, with core-drilling and 
geophysical efforts far exceeding ours. 
The powers-that-be in Moscow have 
learned that wildcat wells must 
be drilled t ide oil and natural 
gas in exp quantities, and that 
most of th vill be failures. The 
spectre of Sibs no longer haunts the 
explorer s drilled a dry hole-— 
at least not to the extent it did under 
Stalin. 

Their ref S are not as modern as 
ours, but adequate to meet the rather 
low produ cifications. They are 
improving of products, how- 
ever, and | bly know most of the 
tricks nece » achieve further im- 
provement must recognize that 
quality has to be improved if they are to 
compete effecti in world markets. 

Extravagar s striking. In oil wells 
and refineries ding to U. S. stand- 
ards, there many people on the 
payroll uch idle equipment. 
The units a refinery are too 
numerous » small and situated too 
far apart. 7 g people for the great 
expansion | is their excuse for ex- 


EDITOR'S NOTE d version of an address 
by IL. H. ¢ 1 of the executive com- 
mittee, Contir Oil Company, presented at 
the 1961 South ference of the Controllers 
Institute ‘ Houston, Texas. In the 
Saturday Eve April 29, 1961, Mr. 
Cram writ F nO New Danger for 
the West 
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cess personnel. The main reason is 
surely government ownership. 

Even though the Soviets do far more 
core drilling and exploration geo- 
physics than we do, they do not buy 
leases and pay rentals. The staggering 
cost of these two items in the U. S. 
ought to more than cover their larger 
program and extravagance. Soviet find- 
ing, development and producing costs 
are much higher than those of the 
Middle East. 

The Soviets are preparing for greater 
export to both the Free World and 
their satellites. The 7-year plan indi- 
cates to me a planned exportable sur- 
plus in 1965 of over 500,000 b/d crude 
oil, more than double 1959 net exports 
of crude. 

When products are added, total net 
exports in 1965 may well reach 900,- 
000 b/d. In 1959, 64% of Soviet ex- 
ports, or 268,000 bbl a day, went to the 
Free World. The target for 1965 has 
not been disclosed. 

The Soviet citizen is dedicated to the 
system of a planned economy. He is 
dedicated to the proposition that he 
must produce more and more; it is un- 
thinkable to produce less. He is dedi- 
cated to education; more and more 
scientists and engineers are being 
trained, and more and more of these 
well educated people are being pro- 
moted into management. He is no less 
dedicated to the education of everyone 
else, it seems. There are trade schools 
where they are taught to be competent 
mechanics, repairmen and the like. 

Believe it or not, the Soviet is dedi- 
cated to competition—not among in- 
dustries and units within industries to 
capture customers, but competition 
among themselves to please Moscow. 
Do a better job than the other fellow 
and you'll be rewarded—perhaps with 
a medal or a bonus or raise in pay, or 
even a promotion. So individually and 
collectively they do have a drive. It is 
a bitter pill to be forced to admit that 
in the oil business, at least, their de- 
testable system is working pretty well. 

As an oil man, I think the Soviet 
system is working too well because I 
have acquired a competitor who has 
the resources, ability and drive to 
achieve his ambitious goals with a reas- 
onable amount of good luck in explo- 
ration, and barring economic or politi- 
cal upheavals. In these days of over- 
supply, the thing oil men of the Western 
World need least is another source of 


crude oil and products in the hands of 
another competitor. 

This competitor is proving to be a 
formidable one and can develop into 
a more formidable one. His main 
source of crude oil (the Ural-Volga 
region) when connected to the Baltic 
and Black seas by pipeline is better 
located with respect to northern Euro- 
pean markets than Middle East crude 
and is at no particular disadvantage in 
Mediterranean countries. Crude pro- 
duced in the vicinity of the Black Sea 
is still more advantageously located 
with respect to the major European 
markets. Insofar as location is con- 
cerned, Soviet crude is at a competitive 
disadvantage elsewhere in the Free 
World. 

However, judging by recent trades 
reported, long distances and high trans- 
portation costs are not deterring fac- 
tors. Neither are production costs. 
When the Soviets meet competition or 
undersell competitors in the present 
depressed Free World markets, it 
would appear that they accept a profit 
that is miniscule by western standards. 
For instance, when they offer crude oil 
at $1.10 a bbl FOB Black Sea, not 
even low-cost Middle East producers 
can meet that price and make a profit. 

In the USSR, however, profits can 
be computed in various ways. Crude 
oil and products are sources of hard 
money to them to be used to grind 
many an axe. Crude or products can be 
traded for much-needed foreign ex- 
change. And they can forego profits 
measured in money or things by trad- 
ing crude oil or products for political 
profits. When the chief executive of 
the nation is at the same time chief 
executive officer of all business some 
trades are bound to be politically in- 
spired. Being the boss of this gigantic 
enterprise, he can claim a profit if 
gains in certain segments of the busi- 
ness exceed losses in the rest. He can 
add his own estimate of the political 
profits made so that there never is an 
overall loss. Anyway, a loss can always 
be balanced out with heavier squeeze 
on consumer goods. 

The Soviets, thus, have a flexibility 
in trading unavailable to western oil 
men. I am more than a little uncom- 
fortable that Russia, with such a large 
potential to produce the products we 
oil men sell, is in the hands of planners 
who need not be disciplined by eco- 
nomic realities as we have to be. * * 
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EMERGENCY PIPE CLAMP 





PIPE LINE CLAMP 


For repairing corrosion leaks or 
splits in pipe lines! Massively 
proportioned of malleable iron. 
Used on high-pressure work for 
over 50 years. Sizes 2” to 12” 
inclusive, for steel and also cast 
iron pipe. Stocked by most 
supply stores. 


M. B. SKINNER COMPANY 
SOUTH BEND 21, INDIANA, U.S.A. 





ENGINEERS and workers who must 
use equipment are brought to- 
gether in plant for expert instruc- 
tion. In the better-prepared 
programs h as this one on 
Nordstrom lubricated plug valves, 
are encour- 
estions, discuss 

their plant. 


customers employees 
aged to 
specific 


TRAINING PROGRAM 
ON EQUIPMENT USE 


EVER‘ REES that on-the- 
job trait able, except per- 
haps wl money. The time 
required nto payroll costs 
deman f any training pro- 
gram larly those given 
“free” by m equipment manu- 
facturers 

The s gues that with more 
knowleds erating personnel, 
the equipn | give better service. 
But the p plant manager sees 
a numb en are going to be 
off the hour or two longer. 
He dem | quite rightly, to know 
if the ga ffset the loss. 

This is t blem we ran into when 
we started training programs 
in the petr idustry — this one 
for a val\ a relatively simple 
valve, not to operate or main- 

Mr. G stan vice president. 


product e products, Rockwell 
Manufact 


tain, but if users don’t understand 
some of the details of the design, and 
the importance and methods of proper 
maintenance the valve will not give as 
satisfactory service as it should. Para- 
doxically, it is just such simple equip- 
ment that is misunderstood and 
neglected, resulting in production and 
maintenance problems. 

Managements in many petroleum 
companies were at first skeptical of the 
value of this training program. The 
valve had been on the market for 40 
years, and customers weren’t sure there 
was any point in having 20 or 30 ex- 
pensive men sitting around for two 
hours looking at charts and movies 
about it. In one case, we had to give a 
class session for a refinery’s manage- 
ment group before they would give 
permission to take the men’s time. 
They were, by the way, sufficiently im- 
pressed that we have since given many 


more courses for the same company. 

This technique — management see- 
ing it first—is, of course, a fairly sure 
way of judging an equipment school, 
but it may be more costly to tie up 
management than the work force. In 
most cases, we believe, management 
can evaluate a proposed program with- 
out having actually seen it. 

Two basic questions are involved: 
(1) will any training program on the 
particular piece of equipment be val- 
uable? and (2) will the specific pro- 
gram being offered do the job without 
wasting time? 

Here are some reasons for holding 
a training school: 


1. The equipment is new. Some sort 
of training is bound to be required, 
even if only having the foreman ex- 
plain, briefly, what it’s all about to 
whomever will be responsible. Our 
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experience shows that such explana- 
tions by the foreman, who probably 
got his information second-hand, are 
frequent sources of later misuse of 
equipment. Little bits of vital informa- 
tion are lost all along the way (first 
to go are usually the reasons why 
certain techniques should be followed) 
and the man who will actually be deal- 
ing with the equipment will end up 
with just a bare command to do thus 
and so every so often. Things work 
more smoothly if everybody involved 
gets the full explanation at the begin- 
ning. 


2. You are having trouble with the 
equipment, or it isn’t delivering prom- 
ised performance. It is, of course, pos- 
sible that the equipment was poorly 
designed, or too much performance 
was promised. But if this is not the 
case, and usually it is not, the prob- 
lem probably lies with how the equip- 
ment is used or maintained. A properly 
administered training program at such 
times can reclaim thousands of dollars 
worth of what might have been con- 
sidered lost investment. 


3. Normal employee turnover has 
created a different work force since 
the last major effort to train them in 
the use of the equipment. Such a situa- 
tion is really very much akin to intro- 
ducing a new piece of equipment. Here 
the hand-me-down information is be- 
coming even more diluted, or embel- 
lished, as in the ancient growth of 
legends. We frequently find people per- 
forming entirely unnecessary opera- 
tions, simply as a result of expanding 
misinformation. 


4. The equipment is complicated, 
or a strategic part of the process. 
Where misuse of a piece of equipment 
is unusually likely, or where misuse 
can disrupt operations seriously, no 
effort to see that it is properly used can 
be entirely superfluous. 

5. The equipment is used generally 
through the plant by unskilled labor 
without direct supervision. If a man 
with technical training is not on hand 
to actually operate, or supervise the 
operation of the equipment, chances 
for trouble increase. It is important to 
see that the actual operators of the 
equipment have a good understanding 
of how it is supposed to work. 

If it is decided that the training pro- 
gram offered would be justified, the 
next step is to decide whether the pro- 
gram offered will do the job. The ob- 
ject is to get the needed information 
across in the minimum of manhours. 

The program will probably consist 
of one or more of the following ele- 
ments: (1) a description of the equip- 
ment; (2) a demonstration of how it 


works; (3) a discourse on the theory 
behind the equipment; (4) instruction 
on how to use it, and (5) instruction 
for maintenance. These elements will 
be presented with the aid of such 
things as films, models of the equip- 
ment, the actual equipment, and as- 
sorted visual aids. 

In examining a proposed program, 
here are some important things you 
should look for: 


1. Program should be well organ- 
ized. The story that is to be told must 
be developed in a logical way, begin- 
ning with theory, and ending with 
practical how-to instruction. Beware of 
programs where the firm doesn’t have 
a thorough and detailed outline of the 
course to show you. This indicates that 
the instructor will not have a well 
thought-out course, but will probably 
try to work it out as he goes along— 
seldom successful. 


2. It must be pertinent. There 
should be no time-wasting extraneous 
material which is of no interest to your 
personnel in using the equipment. 
Some items on theory of how the 
equipment is made, or even the history 
of the product’s development — might 
be laying valuable groundwork, mak- 
ing the instruction clearer than could 
be done by any other method. 

A hint for resoiving this problem: 
Start at the back and read forward 
through the outline. You'll find that 
many items toward the beginning, 
which you might otherwise have 
thought beside the point, are clarify- 
ing things which you saw toward the 
end. This is also a good way to check 
on organization. 


3. Have proper demonstration ma- 
terial. Much value of a personal in- 
struction course, as opposed to written 
manuals, is in the actual demonstra- 
tions. No word of mouth can take the 
place of actually showing the employee 
what should be done and what happens 
when he does—or doesn’t—do it. The 
actual equipment will do for most of 
this purpose, but a cut-away model, 
transparent model or the like gets 
across better. 


4. It must be oriented to your 
needs. A program is no good unless 
it answers questions which have actual- 
ly arisen within your operation. Prob- 
lems with a piece of equipment in one 
industry are frequently different from 
those in another. This should be taken 
into consideration in the form of 
change of emphasis, recognition of dif- 
ferent terminologies, and a show of 
some knowledge as to how the equip- 
ment is ordinarily used in your indus- 


try. 
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Further, the problems in your own 
plant can likely be a good bit different 
from those of any other plant in your 
industry, and this should also be taken 
into consideration. The way this is 
done most effectively is by allowing 
frequent — and appropriately placed 
— periods for discussion and ques- 
tions. Employees will bring up what 
has been bothering them, and what- 
ever has been bothering them, of 
course, has been a problem within your 
own particular set-up. These discus- 
sion and question periods should fol- 
low each major area of discussion; if 
all such interchange is saved for one 
period, many important questions will 
have been forgotten. 


5. It must be geared to audience. 
This is difficult to do, and difficult to 
evaluate, if you have—as is often the 
case—an audience ranging from tech- 
nologically trained to unskilled labor. 
Striking a middle ground, however, is 
not impossible. It is important to avoid 
being over the head of the less edu- 
cated members of the audience. When 
the course loses them, they are lost for 
good. But it is also important to keep 
in mind that, although they may be 
generally low in education, they have 
had a great deal of experience in the 
area being discussed and are, if noth- 
ing else, quite familiar with most of 
the work-a-day terminology (this 
seems to be the first thing laborers 
learn). At the same time, your engi- 
neers and other supervisory personnel 
probably are lacking in many impor- 
tant, but seemingly elementary, facts 
about the piece of equipment in ques- 
tion. So it is really only in the outer 
fringes that problems are likely to de- 
velop. Simply look out for esoteric 
theoretic language and, on the other 
hand, overly drawn out oversimplifi- 
cations (which will probably bore the 
lower echelon people as well). 


6. Leave something tangible. This 
is meant literally, at the end of a ses- 
sion the employee should feel, with a 
burst of joy, that he knows everything 
that is to be known about the piece of 
equipment. The next morning he 
might not be so sure. It is important, 
therefore, that some soft of manual, 
outline, set of diagrams, or something 
of the sort be left to refresh his 
memory. 

The combination of personal in- 
struction and hard reference material 
is unbeatable. One should be keyed to 
the other and during the instruction the 
manual or whatever should be referred 
to continuously so the worker will 
know where to look up various points 
again. Don’t depend upon the men to 
take adequate notes. ze 
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acts fast: There are times when a valve must shut 

® off NOW! That's why you'll find Rockwell- 
Nordstrom valves in critical operations everywhere. With their smooth, 
fast quarter turn action and positive shut-off they're man’s best 
friend in an emergency. It makes a lot of sense to use these same 
Rockwell-Nordstrom valves in all services—they cost no more. We'll 
be happy to send you complete information. 





ROCKWELL- Nordstron 


another fine product by CG) 


ROCKWELL 





Write to: Please send me Bulletin V-217. 
Rockwell Manufacturing Company 
94.G N. Lexington Ave., Name 
Pittsburgh 8, Pa. 
Canadian Valve Licensee: Company 
Peacock Brothers, Ltd. 

Box 1040, Montreal, Quebec 
Rockwell International, S.A. 
81 Rue de la Servette 
Geneva, Switzerland 


Street 


City Zone State__ 








Procon-built Hydeal unit 
on-stream in 95 days! 


Building a complicated process unit from 
the ground up requires the skillful 
coordination of a multitude of design, 
engineering, procurement and 
construction details. 
It takes plenty of work, but most of all 
it takes time. Procon needed just 95 
days from groundbreaking to on-stream 
acceptance of this Hydeal™ unit 
built for Signal Oil & Gas Company, in 
Houston, Texas. This highly efficient 
Hydeal unit produces 1,000 barrels-per-day 
of high quality benzene from a 
toluene charge. Signal markets the 
benzene direct to users in the Southwest. 
New plant construction, expansion 
or modernization, whatever the 
requirement, you can trust the entire 
job...safely to PROCON. 











PROCON Jreysnac 


1111 MT. PROSPECT ROAD, 
DES PLAINES. ILLINOIS, U.S.A 


PROCON INTERNATIONAL &.A., CHICAGO. ILL... U.B_A 
PROCON (CANADA) LIMITED, TORONTO. CANADA 
PROCON (GREAT BRITAIN) LIMITED, LONDON. ENGLAND 
PROCON PTY. LIMITED, SYONEY. AUSTRALIA 
PROCOFRANCE 5&.a.R.L., PARIS. FRANCE 

PROCON LIMITADA, SAO PAULO. BRAZIL 

PACIFIC PROCON LIMITED, MANILA. PF. t 
VICAPROCON, &. A., CARACAS, VENEZUELA 


Section 


OIL AND GAS INDUSTRY (Sse!) July, A-28e 





TEXAS - NEW MEXICO PIPE LINE COMPANY 


installs microwave for control and monitoring of 513-mile pipeline... 


New 14-hop Collins microwave-carrier system extends from pipeline 
offices in Blanding, Utah, to terminal at Mesa, New Mexico. Initially, 
it provides eight voice channels plus two party-line control circuits 
and one party-line telegraph circuit. From the master control point 
at Aneth, Utah, microwave equipment can start and stop pumps at 
other stations, measure rate of flow from remote points, measure 
suction and discharge at booster stations and open or close distant 
valves. It also provides VHF communication with mobile units from 
any of four control points. For information on a microwave-carrier 


system tailored to your individual 

needs, contact Collins Radio COLLINS 
Company, Texas Division Sales, 

1930 Hi-Line Dr. 

ssc MICROWAVE AND 


DALLAS, TEXAS . CEDAR RAPIDS. IOWA . BURBANK, CALIFORNIA 





FROM 
DOWN 
THE 
LINE! 





pipeline insulators as alike 
7Fiwo peas in a pod? 


They’re not alike, not in physical properties! When plastic insulators 
first became available for pipeline use, W®SON felt they were inferior to the steel and block 
types then available. We delayed our entry into the field until we could provide a plastic 
material to withstand field abuse and wear. We found that material in a high density poly- 
ethylene which could be injection molded to provide low cost insulators of the highest quality. 


Our decision has proved sound. Breakage and excessive wear of glass fibre reinforced 
plastics, particularly in large sizes, has created a lack of confidence in plastics in general, 
but the M-2 Plastic THINsulator® has proved its stamina. Its high resistance to cold flow has 
been proved. Deflection test results: 1000 p.s.i. on each THINsulator runner for 64 days — 
total cumulative deflection only 0.029”. Max. temp. during test, 105° F., min. temp., 75° F. 


Its low coefficient of friction causes 

it to slide easily inside casing. The 

M-2 is completely resistant to im- 

pact fracture (4.0 ft. lbs./in. notch- 

ed) and has successfully worked 

on 36” pipe, %” wall, pulled in - 

excess of 500 feet. We are con- ELAPSED TIME IN DAYS 

vinced that it will perform as well 

or better than any other insulator on the market, including all known steel types. Other 
physical properties: Dielectric strength — (short time, %” thickness) 500 volts per .001 inches 
(D149-55T); Tensile strength — 4400 p.s.i. at 20 in./min.; Elongation — 25% 20 in./min.; 
Abrasion resistance — Taber index 5.7. 


The increased acceptance of the M-2 THINsulator has brought production 
to a level of real economy in injection molding. These cost savings are 
being reflected in new WSON prices for 1961. 


in planning ‘61 cased crossings, don’t 
pay ao premium for other insulators — use 
WmSON engineered M-2’s and save! 


LD. Williamvzon. Inc. 
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...eliminates underfilm corrosion 


in finished product tanks 


kable new coating bonds 
| that you cannot dis- 
The reason? RUST- 
hemically with the 

ig bond is inseparable 
eliminating underfilm 


rasion-resistant coating 
of 106 c zinc silicate is vir- 
tually imy is to the scraping action 
of floatin RUST-BAN 190 is 
nonflamn does not contaminate 
even hi t products. 

Wh rly applied and cured 
(with it ion RUST BAN 195) 
RUST-BAN 190 provides many years 
of protection at far lower annual cost. 

For lete information about 
RUST-BAN und other Humble pro- 
tective « all your Humble sales- 
man or cont Humble Oil & Refining 
Company, | ton, Texas. 


HUMBLE OIL & REFINING co. 
America’s Leading ENergy COmpany 


@ENCO and RUST-BAN are registered trademarks of Humble Oi! & Refining Company 
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a > Leslie A. Webb, 
assistant to the 
president of Atlan- 


sen of no repairs in 5 years 


: 
4 
appointed to the | 


newly created posi- ‘ 7] 
gh poctees ama gnd over 700 000 niles 
corporate planning q t ® 
services. Since _ _— sensu 

1928 he has served | Ee, ot 


L. A. Webb in several different 
capacities. 


we 


> Fred R. Ellenberger, internal opera- 
tions assistant vice president of Worth- 
ington Corporation’s headquarters, was 
elected vice president of internal oper- 
ations succeeding S. Riley Williams 
who continues as vice president con- 
sultant. 


> Denis B. Kemball-Cook, a director 
of Shell and executive vice president 
in charge of exploration and produc- 
tion, was named executive vice presi- 
dent to direct and coordinate 
marketing, manufacturing, purchasing- 
stores and transportation and supplies. 
He was succeeded by J. E. Clark who 
was also elected to the board of 
directors. 


> Derek F. Mitchell was appointed 
president of BP (North America) Ltd. 
He replaced D. E. C. Steel who re- 
turned to the BP groun’s head office in 
London as_ Regional Coordinator, 
Western Hemisphere. 

Mitchell came to New York in 
March of this year as vice president 
and deputy to Steel. Previously he was 
assistant general manager of BP’s sup- Britton Motor Service at their Chicago 
ply and development department in | base has this to say about Ingersoll- 
London. Rand Air Starters... 


> J. D. Winzenried, former assistant 
to the president, Canadian Husky Oil 


Roger Nelson, Terminal Manager for 


“Your Size 9BM Air Starter was applied to one of our Cummins 


Company, and E. J. Husemann, for- 
merly treasurer of the U. S. Husky 
Company, were appointed vice presi- 
dents of Canadian Husky Oil, Ltd. 
Husky Oil Company and Canadian 
Husky recently combined into a single 
operating unit having identical boards 
of directors; however, this changed 
responsibilities of several principal 
offices. Management changes are: 
Arnold Larsen, former treasurer and 
vice president of Canadian Husky, now 
manager of financial affairs; W. E. 
Powell, former vice president, now 
director of land, exploration, produc- 
tion, and pipeline activities; T. G. Wise, 
former vice president refining and mar- 
keting for the U. S. company, now vice 
president, marketing; L. J. Campbell, 
former vice president, Canadian re- 


diesel powered White trucks. This truck was in operation for 
five years and accumulated in excess of 700,000 miles. We are 
very satisfied with the service life and operation of your Air 
Starters. The newer Size 1OBM we now have in service has even 
more power.” 


You can cut fleet maintenance costs with modern Ingersoll-Rand 
Air Starters by eliminating the costly replacement of batteries. 
These units produce surer, faster starts and are unaffected by 
extreme weather conditions. 


Ingersoll-Rand Air Starters are made in 4 sizes for starting diesel 
or carbureted engines from 300 cu. in. to 20,000 cu. in. displace- 
ment. For complete information on these efficient starters... 
write for your copy of “Go Modern—Start with Air’’, Form 5094E. 


Ingersoll -Rand 


fineries, now is responsible for Husky’s 210A-18 1] Broadway, New York 4,N. Y. 
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four refineries at Wyoming, ~_— 

Saskatchewan, and Ontario. 
Reappointments are: Glenn E. Nib 

son, president; George S. Buchanan, 


CELEBRATING | vice president in charge of foreign 


exploration; and M. R. McArthur, vice 


O UR president. 

| )» Captain Matthew V. Carson Jr., 
former administrator of the mandatory 
oil import program, Washington, 
joined the executive staff of Sinclair. 
He recently resigned from the Depart- 
ment of Interior and received the Dis- 
tinguished Service Gold Medal. 


> Jack W. Hudson, vice president in 
charge of engineering and field oper- 


YEAR OF ations for Britalta Petroleums, was 


elected vice president and general man- 


SERVICE ager. He succeeded Claude E. Peavy, 


retired, who is retained in an advisory 


TO THE capacity. Nate Goodman was ap- 


pointed production superintendent. 


GAS PRODUCING > R. A. Randels, fire and safety man- 


ager for Shell Oil’s Wood River refin- 


INDUSTRY ery, Wood River, Ill.; J. Howard 
Myers, director of safety and fire pre- 
vention, Atlantic Refining, Philadel- 

OF TEXAS phia, Pa.; Fred R. McLean, manager, 
safety and claims department, Mobil 

AND LOUISIANA, Oil’s Detroit division; and Jack H. 


Brown, engineering and building main- 


TRANSCO tenance superintendent, Tidewater Oil, 


New York, all received certificates of 


POINTS WITH appreciation by American Petroleum 


Institute at the 14th annual midyear 


i API's - 
PRIDE TO meeting of the s safety com 


mittees. 


THE INCREASED > E. Raymond Corey was elected to 


the board of directors, Helmerich & 


STABILITY AND Payne, Inc., of Tulsa. He is an associate 


professor, Harvard Graduate School 

of Business Administration, and has 
SIZE OF MARKETS written two books. 
AFFORDED AREA |» Ford M. Graham, vice president of 


Louisiana Land and Exploration, was 
elected president; and John G. Phillips, 
PRODUCERS BY treasurer, was elected a vice president. 
E. J. Langhetee Jr., chief petroleum 


THE TRANSCO | engineer, was named assistant to the 
resident. 
SYSTEM. maps 


> J. K. Jamieson, president, Interna- 
tional Petroleum Company, was elected 
a vice president and member of the 
board of directors of Humble Oil & 
Refining Company. 

Appointed to staff positions in Hum- 
ble’s headquarters employee relations 
department are: Harry D. Kolb, 
former employee relations research 
division head, Eastern Region, now 
personnel development section head; 
H. T. Hamblen, head of training and 
communication, Southwest Region, 
now training coordinator, personnel 
development; J. U. Parker, former 
chief safety engineer, Southwest Re- 
gion, now chief safety engineer; A. 
Ross Rommel, head of personnel place- 
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SALES APPLICATION ENGINEER 
for 
NATURAL GAS INDUSTRIES 


Here’s an attractive opening for 
a natural gas application engi- 
neer with experience in gas trans- 
mission, gas distribution, or oil 
and gas production. 

Responsibilities will include ap- 
plication engineering of pneumatic 
and electronic control systems for 
the gas transmission and gas dis- 
tribution industries, coordination 
of sales effort including some cus- 
tomer contact and travel, and sales 
promotion. 

The Foxbor’ Company, a lead- 
ing manufact . rer of instrumenta- 
tion and control systems, is located 
in a suburban community within 
easy driving distance of metro- 
politan Boston and Providence. Its 
operation is international, pro- 
gressive, steadily expanding, and 
almost entirely civilian. 

If an opportunity like this ap- 
peals to you, and if you believe you 
are qualified, please mail an out- 
line of your education and experi- 
ence to 

E. N. Hayes, Jr. 
Manager, Oil & Gas Division 


THE FOXBORO COMPANY 
FOXBORO, MASSACHUSETTS 








ment and services, Southwest Region, 
now head of employee services for 
Houston office employees; Fagan R. 
Scott, former assistant head of bene- 
fit plans, now head of salary and 
wages; and T. M. Welch, head of bene- 
fit plans will continue in that position. 
Three men in newly created posi- 
| tions are: Haylett O'Neill, purchasing 
agent, now manager of the purchasing 
| department; John M. Craddock, 
former manager of general services, 
now manager of the headquarters gen- 
eral service department; and C. S. 
Overmiller, assistant treasurer, now 
manager of economics in the head- 
quarters economics and planning de- 
partment. 
> Rufino Gea, previously with Geo- 
prosco, Madrid, joined the staff of 
Aero Service (Bahamas) as manager 
of its Ground Geophysics department. 


P. G. Benedum W. S. Hallanan 


> Paul G. Benedum was elected presi- | 


dent and chief executive officer of 
Plymouth Oil Company succeeding 


| Walter S. Hallanan who was elected | 
chairman of the board at the organiza- | 


| tion meeting of directors. Hallanan has 
been president since 1923. Benedum 


has been a director since 1943, vice | 


president for more than ten years, 
and president of Hiawatha Oil & Gas 
Company and Penn-Ohio Gas Com- 
| pany. He is nephew of the late M. L. 
Benedum, founder of Plymouth Oil 


| and a large stockholder. J. R. Wylie Jr. | 
is new president of Hiawatha Oil & | 


| Gas Company and Penn-Ohio Gas 
Company. W. F. Knode and W. R. 


| Persons were elected to the board of | 
directors. Knode, veteran oil man, is | 


president of Grizzly Petroleum 
Ltd., vice president and director of 


Rector Well Equipment Company, and | 
Pamoil Ltd. Persons is president and | 
executive officer of Emerson | 


| chief 

| Electric, and holds offices in several 
other companies. 

| >» Howard W. McCullough, former 
senior vice president of Brunswick 
Corporation, was elected senior vice 
president of Texas American Oil Cor- 
poration, Midland, Texas, announced 

| Nash J. Dowdle, president. 

| >» Ernest D. Brockett, president of 
Guif Oil Corporation, was elected to 
the board of directors of Westinghouse 
Electric Corporation. He has been 
active in the petroleum industry 27 

| years. B. R. Dorsey, a senior vice presi- 
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AMERICAN’ 


PRESSURE 
and 
TEMPERATURE 
RECORDERS 


American® single and two-pen Pres- 
sure Recorders for pressures from 
30 inches vacuum to 10,000 psi. 


e Pressure elements individually 
calibrated over full range. 
¢ Variety of chart drives available. 


e Helical elements of different 
ranges are interchangeable. 

e Stainless steel pen arms with 
span and linearity adjustments. 

¢ Aluminum dust and moisture- 
proof case. 


American® Temperature Recorders 
for an accurate record of flowing 
temperatures. 
¢ No ambient temperature errors. 
© High sensitivity and torque— 
fast speed of response. 
¢ Standard 0-150°F. range. Other 
ranges available by request. 
@ 24-hour mechanical or 110-v. 
60-cy. electric chart drives. 


Ask for Bulletins 400 and 408 


AMERICAN’ 


METER COMPANY 


INCORPORATED (ESTABLISHED 1636) 


General Offices: Philadelphia 16, Pa. 
Sales Offices in Principal Cities 


E-3 





Look 
into 
Lonergan 
Bellows 


Valves 





Seven exclusive features reduce maintenance 
costs; provide increased valve versatility. 


Like all be es, Lonergan valves are designed to keep corrosive or viscous 
fluids awa vorking parts. In addition, they provide a balancing action against 
a variable back | ure. The similarity between Lonergan and any other bellows 
pares ve ends there. Only Lonergan valves provide: 

|. *Saf-T-Alarm to warn of bellows failure. Alarm may be 

remotely located. (Optional at extra cost.} 

2. Complete interchangeability with conventional valves of the 

same series. 

3. Versatile cap arrangement. Bolted cap is standard and is 


interchangeable with a packed cap without taking the valve off 
the line or out of service. Gag facility is included. 


4. *Simplified nozzle replacement due to an exclusive knockout 


5. A Hydro model; a patented, true, non-chattering liquid valve. Elimination of 
chatter ends bellows failure due to excessive flexing. 


6. Reserve seating surface obtained from a built-in spare disc. 


7. PVC trim, where pressure-temperature conditions permit. 

These seve es mean economy for Lonergan valve users—in first cost; in 
operation; it enance. If your plant uses bellows valves, then it will pay you to 
investigate gan. Series DB bellows valves are described in a new bulletin. 
Series D val ivailable without the bellows, are also described. Write for your 


copy today 


Lonergan 
J. E. LONERGAN COMPANY, 205 RACE STREET 


PHILADELPHIA 6, PENNA. e SINCE 1872 





dent of Gulf, was elected to the board 
of directors of Callery Chemical Com- 
pany, partly Gulf owned. Gulf also 
advanced K. P. Hooper, former prod- 
ucts supply division manager of 
British American Oil Company, to 
manager, product supply depariment 
of Gulf Eastern Company, European 
subsidiary of Gulf Oil Corporation. 


> Keith W. Blinn, Roy C. Hackley, Jr., 
Joseph C. Kotarski, and John D. 
Kelley, attorneys, were promoted to 
new positions in Continental Oil Com- 
pany’s headquarters legal department. 
They are: Blinn, associate general 
counsel, New York; Kotarski, patent 
counsel, Ponca City; Hackley, asso- 
ciate general counsel, Houston; and 
Kelley, general attorney international 
activities, New York. 


> Fred Zapffe, formerly responsible 
for design of compressor and gas proc- 
essing facilities for 21 years with 
Lone Star Gas Company, joined Foor 
Engineering Company, Oklahoma 
City, as chief engineer. 


> Robert J. Stine, former director of 
insurance, Phillips Petroleum Com- 
pany, was promoted director of insur- 
ance in the tax, insurance and claims 
department. 


> P. L. Vanlue, former treasurer and 
controller, Oasis Oil Company of 
Libya, Inc., was reappointed financial 
assistant to G. F. Bish, vice president 
of domestic production, Ohio Oil. 


> Olen Lane, vice president, Continen- 
tal Oil, who spent 37 years with Con- 
oco in Los Angeles, retired May 31. 


>» Ed Fizer, vice president, First 
National Bank of Fort Worth, was 
named manager of the bank’s oil and 
gas department. Also in this depart- 
ment are Ralph H. Viney, vice presi- 
dent and petroleum engineer, and L. C. 
Maxwell, vice president. 


> J. R. Arrington was appointed to the 
newly created position of coordinator 
of corporate analysis in the headquar- 
ters economics and planning depart- 
ment of Humble Oil & Refining Com- 
pany. Also in new positions are: J. P. 
Hamilton, coordinator of investment 
analysis; W. M. McCardell, coordina- 
tor of long range planning; and Cran- 
dall D. Jones, coordinator of resource 
economics. 

G. A. Mabry was appointed public 
relations manager of the Southwest 
region. Four new coordinators for the 
employee relations department of same 
region are: John R. Baldwin, field 
services coordinator; Homer O. 
Gainer, salary and wage; Sidney E. 
Kuehn, annuities and benefits; and T. 
G. Larimer, employment services. 
Edward Littlejohn was appointed man- 
ager of headquarters public relation 
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department. George A. Lloyd, Walter 
G. Beach, Jay FP. Rose and Jack P. 
Shannon were named to head four 
sections in the newly organized depart- 
ment. 


DEATHS 

> Carl F. Vander Clute, 60, general 
manager of the marine department of 
the Gulf Oil Corporation, New York, 
died June 1. He had been associated 
with the marine industry since 1919, 
and was honored by the tanker industry 
for his work. 


> Robert L. Rose, 49, vice president 
and a director of Drilling and Explora- 
tion Company, Inc., and president of 
its contract drilling subsidiary com- 
panies, died May 12. He was associated 
with Drilexco 17 years and was form- 
erly with Union Oil of California. 


> Allan H. Hand, 63, a vice president 
of Consolidated Petroleum Terminal, 
(Oil Transfer Corporation) died May 
21. He served as secretary of the Petro- 
leum Industry War Council, and, at 
one time, was assistant controller of 
Union Oil of California. 


Put Sound Planning 
to Work for You 


Riverside 


1-4181 


Oil and Gas Dept. 


MERCANTILE National Bank 


at Dallas 


COUPLINGS 


BY Wheeling 


LINE PIPE COUPL 
Ys” to 16”—Seamless, 
PLAIN TUBING COU 
I” to 4”—Seamless 


EXTERNAL UPSET TUB 


%” to 4”—Seamless 


CASING 


COUPLINGS 


4” to 13%”—Long or Short i 4 
HYDRAULIC COUPLINGS | 


Y” to 4”—Seamless 


1” to 12” 


—Seomless 


DRIVE PIPE COUPLI 


6” to 12”—Seamless 


PIPE NIPPLES 


All Sizes 


and Type: 


WHEELING MACHINE PRODUCTS CO. 


Wheeling, West Virginia 


West Coast Factory: 


Woodlake, California 
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CHARCOAL 
TEST 


Light Weight and Rugged 


The American® hardcase Char- 
coal Test Meter measures gas 
volumes in absorption tests for 
determination of condensible 
hydrocarbons in natural gas. 


Die-cast aluminum alloy con- 
struction provides high resistance 
to impact damage and makes this 
meter ideal for portable field 
service. 


Rated capacity 100 cfh air at 
1/2-inch w.c. differential. Maxi- 
mum working pressure 5 psi. 
Meets AGA and NGAA require- 
ments. Weighs just 17 lbs. 


1/10 cubic foot index has 3-inch 
dial graduated in thousandths. 
Three totalizing hands read to 
100 cubic feet. Hands are friction 
mounted for quick setting. 


Request Bulletin 500 for com- 
plete specifications. 


Sales offices in principal cities 





VVVVVVVVVVVYV 
Laugh wth Barney 


The t ked into the drug 
tore. “S i, “have you got 
shumptir  Itsh shplitting.” 

The <¢ an icebag. Two 
hours la ick, this ,time all 
bloodied 1en,” he shouted, 
holding “Ain't you got 
shumptin n’ a terrible time 


getting m 


ing cashed the 
her wealthy play- 
prise, it bounced. 
nt Fun.” 


check gi 
boy fries 
It was n 


The little boy who had just started to 
school was out behind the house one day 
shaking his pet rabbit by the ears. He was 
chanting: How much is two and two; 
how much is two and two? 

Father: “Son, what are you doing?” 

Son: “My teacher said that rabbits mul- 
tiply very rapidly, and this dumb bunny 
can’t even add.” 

7 7 7 

Mrs. Uppington was showing her new 
maid around the house. As they came to 
the dining room, Mrs. Uppington said, 
“This dining room table goes back to 
Louis the Fourteenth.” 

“That’s nothin’,” replied the new maid, 
“my whole living room set goes back to 
Sears the fifteenth.” 

7 7 7 

A good line is the shortest distance 

between two dates. 


PAT. PENDING 


with, Fromk Wheatley pump! 


VERY, because this unique off-set crankshafr RE- 
LOAD 50%! By off-setting the shaft a quarter 
he load is applied to the crosshead; this reduces 

, allowing centers to be pulled closer together; con- 
bearings strength is increased and crankshaft twist 
p to greater speeds, less wear and more efficient 

r. YOU GET MUCH MORE FOR YOUR PUMP 
EN YOU INVEST IN A FRANK WHEATLEY 


Pump sizes from 3 H.P. to 600 H.P. There's a Frank 
Wheatley pump to fit the exact requirements of your 


FRANK 
WHEATLEY 


fluid moving problem. 


omvplaredlg —@) Frank Wheatley PUMP & VALVE MFR. 


P. 0. BOX 1948/ TULSA, OKLAHOMA 





The professor said, “You in the back 
of the room. What was the date of the 
signing of the Magna Charta?” 

“I dunno.” 

“You don’t, eh? Well, can you tell me 
who Bonnie Prince Charlie was?” 

“No.” 

“Well, maybe you can tell me what the 
Tennis Court Oath was?” 

“Nope.” 

“You can’t? I assigned that last Friday. 
Where were you?” 

“I was taking the day off with some 
friends.” 

“Oh, you were, were you? Do you ex- 
pect to pass this course?” 

“Well, I don’t suppose so, mister. I 
just came in to fix the radiator.” 


7 7 7 
The older generation thought nothing 
of getting up at 5 o’clock in the morning 
—and the younger generation doesn’t 
think so much of it either. 
7 v 7 
“One of the best ways to stop a runaway 
horse is to bet on him.” 


7 7 7 

Did you hear about the guy who’d been 
unlucky all his life. But things changed— 
when they dug his grave they struck oil. 

7 7 7 

“I hear your insomnia is worse.” 

“Oh, goodness, yes. Now I can’t even 
sleep when it’s time to get up.” 

7 7 A 

Out in West Texas, a cowboy rushed 
out of a saloon, made a running broad 
jump and landed on his sittin’-spot in the 
middle of the street. 

“Hurt yourself?” asked a bystander. 

“Reckon I'll live,” allowed the cowboy, 
dusting himself off, “but I'd sure like to 
get my hands on the cussed varmint who 
moved my horse!” 

5 A 7 : 

Then there was the guy who didn’t be- 
lieve in flying saucers until he tickled the 
waitress. 

A 7 7 

“Junior, do you like your new nurse?” 
inquired Mama. 

“I hate her,” shouted Junior. “I'd like 
to grab her by the hair and bite her on 
the neck like Daddy does.” 

5 7 7 

Dad was getting worried because his 
only son didn’t seem very interested in 
getting out in the world on his own. “Do 
you know what Abe Lincoln was doing 
at you age, son?” he asked. 

“Nope. But I know what he was doing 
at yours.” 

A sf 7 

The following announcement was heard 
over the loudspeaker the other day at the 
200! of a luxurious big city hotel. 

“Will the gentlemen with the blue 
trunks please report to the locker room. 
You forgot them.” 

7 7 : A 

Mother: I don’t approve of these two- 
piece bathing suits. 

Daughter: But mother, you have to 
wear something. 

7 7 7 

The young father decided he needed to 
correct his son’s table manners. 

“Tommy, you eat like a little pig,” he 
said. “Do you know what a little pig is?” 

“Sure I know,” said Tommy. “It’s a 
hog’s little boy.” 

7 ¢ r 

A theater owner tried an experiment. 
He ran the same picture for thirty days 
straight under nine different titles. Only 
four customers complained. There might 
have been more, but it was a drive-in 
theater. 
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seals ti ht e Let’s get basic: The prime function 

g ® of a valve is to shut off a line. And 
Rockwell-Nordstrom valves do this job better than any other valve on 
the market. They live longer, too, saving you money every year in 


valve replacement. The cost? No more than ordinary valves. Write for 
complete information. 


ROCKWELL- Nordstrom VALVES 


ROCKWELL? 


Write to: Please send me Bulletin V-217. 
Rockwell Manufacturing Company 
94-G N. Lexington Ave., Name 
Pittsburgh 8, Pa. 
Canadian Valve Licensee: Company a — 
Peacock Brothers, Ltd. 
Box 1040, Montreal, Quebec Street 
Rockwell International, S.A. 
81 Rue de la Servette 

Geneva, Switzerland sais — een 




















Books To Read... 





> “Food for America’s Future” published for Ethyl Corpora- 
tion by McGraw-Hill Book Company, Inc., 330 West 42nd 
Street, New York 36, New York. 167 pages. Price, $3.95. 

Will America be able to feed its people in 1975? To 
answer this question Ethyl Corporation went to 12 outstand- 
ing authorities in research, soil science, education, farm 

Aaa machinery, electric power, agricultural chemicals, eco- 
HE Ol Capital nomics, food processing and marketing. These men were 
aa aaan it asked what has been done, what is being done, and what 
TFaaaerceee, of the World can be done to feed our estimated population of 245 million 
aaaaus ait in 1975 — and even greater numbers later on. 

The chapter on petroleum’s part in feeding our fast- 
growing numbers is written by Robert E. Wilson, former 
chairman, Standard Oil (Indiana). His article is called, 
“Energy in Abundance.” 


> “AAPG Slide Manual,” by Messers. W. R. Moran, Carl 

A. Moore, L. L. Sloss, and E. W. Ellsworth. Published by 

Airconditioned The American Association of Petroleum Geologists, P.O. 

. Be hl, P, Box 979, Tulsa 1, Oklahoma. 30 pages. Price $1.25 per 
me eessonably | individual copy, discount on orders of 26 and more. 

Better slides for better meetings is the objective of this 


THE M slide manual. The 30 page, 3-color “Guide to the Prepara- 
aN Y O tion and Use of Projection Slides” features 8 charts and 
——eed tables as the key to legible and attractive slides for visual 
projection at large or small meetings. I!lustrations of good 
TULSA’S Fines: HOTEL and poor slides and slide copy offer authors of technical 
papers practical tips on how to make effective slides in 
color or black and white. 
Adjacent Garags Issued as an AAPG contribution to the improvement of 
technical and scientific meetings, the new manual is offered 
for general distribution. 


Sample Rooms — Finest ! 
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Pion il Magelly 


Nothing so satisfying, so grand as a week or weekend in 
nature’s magnificent outdoors at Mountain Lake. Crisp, 
cool mountain air will make your tennis, fishing, boating, 
horseback riding, swimming, golfing, mountain climbing 
or just plain loafing the greatest you've ever enjoyed. Choice 
of excellent hotel accommodations or secluded rustic cottages. 


| hotel Mountain lake 


Mountain Lake, Virginia 


cAmerican Plan, ‘Reasonable rates, Open cMay 23rd through Oober 1st. 


Hf filia fe Wh ee Y, hel; RADIOS + TELEVISION - COMPLETELY AIR CONDITIONED 


iit o Alabama: MOBILE the Admiral Semmes, BIRMINGHAM the Thomas Jefferson. Washington, D. C.: the Washington. Indiana: 

fietes Hotel AYE. INDIANAPOLIS the Claypool. Louisiana: NEW ORLEANS the Jung and the De Soto. Nebraska: OMAHA the Paxton. New 

apletene Mexico: CLOVIS the Clovis. Sou'h Carolina: COLUMBIA the Wade Hampton. Virginia: MOUNTAIN LAKE the Mountain 

, ttc, |Lake, NORFOLK the Monticello. Texas: AUSTIN the Stephen F. Austin, BROWNWOOD the Brownwood, DALLAS the Baker and 

@ the Travis, EL PASO the Cortez, GALVESTON the Buccaneer, Galvez, Seahorse, Jean Lafitte and Coronado Courts, LAREDO the 
Plaza, MARLIN the Falls, SAN ANGELO the Cactus, SAN ANTONIO the Menger and the Angeles Courts, 


reservat 


Service 
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Only 
Tubeseal 


Has 
Lightning- 
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Conductive 
Weather 








PATENTED 


Tubeseal electro-conductive weather shields are an exclusive tried and proved development. They provide posi- 
tive protection against lightning-caused rim fires. How? By maintaining a continuous grounding bond between roof 
deck and shell—concentration of static charges is impossible. There has never been a lightning fire where any of the 
many hundreds of Tubeseal System Floating Roof Tanks are installed throughout the world—they’re “lightning 
proof.” @ This is scientific and safe storage protection for the entire range of volatile products. Tubeseals can be 
installed on any of your tanks—new, old, riveted, or welded. You owe it to the future safety of your conservation facil- 
ities to investigate. Send for the Tubeseal Bulletin now—it could be important. 


- 


‘xh-Des Moines Steel Company 


PDM 12 plants to serve you coast to coast 


[ummromans rasmICATORS | comTEAc ORs | PITTSBURGH, WARREN, BRISTOL, PA. > BALTIMORE + BIRMINGHAM + DES MOINES 
PROVO, UTAH » CASPER, WYO. + SANTA CLARA, FRESNO, STOCKTON, CALIF. 


Sales Offices: Atlanta 5 * Baltimore 26 * Boston 10 * Bridgeport 5 * Chicago 3 + Dallas 1 * Denver 2 * Des Moines 8 * El Monte * Fresno * Jacksonville * Los Angeles 57 * 
Newark 2 * New York 17 * Pittsburgh 25 * Sacramento * Santa Clara * Seattle 1 * Stockton licensees and sales offices in many foreign countries including Argentina, 
Chile, Australia, Belgium, Brazil, Canada, Colombia, England, France, Haiti, India, Italy, Japan, Mexico, Netherlands, Peru, Puerto Rico, Sweden and W. Germany. 
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in the field of oil financing. Let your plans include 
the specialized ina and resources of the nation’s 
pioneer oll bank... 86th year of dependable service. 


B | FIRST NATIONAL BANK IN DALLAS 


AL DEPOSIT INSURANCE CORPORATION 


OIL AND GAS INDUSTRY ($e 





THE PETROLEUM 


Pingine6bir 


Engineering-Operating Section 


SERVICE LIKE WOW! 


: 
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Tommy Knobloch 
Great Bend. 
Kansos 


Harold Brown 
Casper, 
Wyoming 


H. B. Smith 
Edmonton, 
Canada 





Dove Kelley 
Anaco, 
Venezuela 











0. C. Jordon 
Tulse, 
Oklahome 


h 
Rey eee Reg 
When you buy o Cabot Pumping Unit you buy more 
than the unit itself. You're buying fast, courteous service 
for that unit day or night . . . 365 d@ys a year! Cabot 
maintains convenient service centers throughout the oil 


country, each having a complete stock of Cabot Pump- 


‘ing Unit parts and staff of factory trained personnel. 


If you are not now using Cabot units . . . make your 
next one a*Cabot! You'll prove to yourself that Cabot 
Quality plus Cabot Service adds up to the tops in 
dependable pumping: . 


7 


D. M. Lowrence 
General Service Mgr. 
Pompo, Texas 


Raymond Johnson 
Pampa, 
Texas 


Louis Sears 
» Odessa, 
Texes 
’ 


Enid Duggins 
Houston, 
Texas 


Jim Morrow 
Seminole, 
Oklahoma 


CABOT CORPORATION 
MACHINERY DIVISION 








Sure it’s a dual completion— 
But is it a dual producer? 


completed wells have “pay” zones 
lucing—for want of a recomple- 
are pay zones only in the sense 
paid for the completion. 


It recompleting with Sidewinder- 
Sidel ke throwing good money after 
good, It nly safe way to redo the job with- 
out d production below, the one way to 

ivat zones that aren’t paying. 


Sidewinder is a remarkable 
hrough tubing as small as 
rd seating nipples. It packs 
charge in a minimum of 
echanically oriented and de- 


centralized by the Welex Sidekicker. A retrievable 
gun carrier absorbs the shock of the detonation 
and returns every bit of debris to the surface. 
Nothing neater, safer or surer. 


Don’t be satisfied with producing a single zone 
when you’ve paid for a dual completion. Reper- 
forating is now very simple and economical, 
thanks to the Sidewinder-Sidekicker. Remember, 

no derrick, no danger, no debris. 


Call Welex on your next completion or 
workover. Welex has more years of per- 
forating experience and a wider variety 
of wireline services than any other 
company. 


A Division of Halliburton Company 
General Offices: 1728 Old Spanish Trail, Houston, Texas 
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Of Things To Come... In Oil 


1970 FORECAST SHOWS BIG GAINS FOR GAS according to Edward E. 
Montieth, Jr., vice president of Republic National Bank of Dallas, 
Texas. Along with an increase of 26% in U.S. energy demands, 
natural gas will supply 34% compared to 28% in 1960. Oil’s 
share drops from 42% to 37% in same period, the oil executive 
predicted. By 1970, gas production will reach 50.6 billion cu ft 
per day compared to 35.5 billion cu ft per day in 1960. Oil pro- 
duction will increase slightly to 8.1 million bbl daily by 1970, 
when the number of wells drilled will level off at around 39,800. 


FLOATING RIGS, UNDERWATER COMPLETIONS TO INCREASE 
as more proved locations in applicable areas are uncovered. 
Cuss I, the Rincon, both self-propelled drilling ships, proved the 
idea of drilling from a floating vessel. Drilling over the side of a 
floating vesse! is also a fact. The Offshore Company of Baton 
Rouge is now convertirg a grain vessel into a floating drilling 
barge to drill for El Paso Natwral Gas in Lake Erie in waters up 
to 200 ft deep. Underwater completions continue and method is 
now tried and proved. Experience so far removes many early 
anticipated hazards. Reduction in cost where best suited makes 
idea attractive. 


41 MILLION BBL PER DAY BY 1975 for free world requirements of 
petroleum was suggested by W. Dow Hamm, vice president and 
general manager of Atlantic Refining Company’s Producing 
Department. Hamm presented this figure in an analysis of present 
and future world-wide oil activity before a supervisors’ meeting. 
Steady increase in petroleum demand plus rapid growth in world 
population are basis of his forecast. And, Hamm predicted, if the 
“have-not” nations attain a standard of consumption one-fourth 
that of the U. S. and Canada, daily world requirements by 1975 
might well be 55 million bbl per day. 


DON’T EXPECT TOO MUCH FROM STATES FAIR-SHARE PROBE 
by the Interstate Oil Compact Commission. The question of 
wheter each state is getting its fair share of the crude oil market 
has been a hotly-debated issue. In its non-official committee status 
since last December, the IOCC recognizes the problem, but a 
basis of solution seems far away. Texas, with only 8 days prora- 
tion schedule for June, is active in the issue. Texas governor 
Price Daniel is 1961 chairman of the Compact Commission. 


ROCKY MOUNTAIN GAS ACTIVITY TO INCREASE, predicted Bob 
Greider, Div. Mgr. of The California Company, before the 
American Petroleum Institute meet held recently at Casper. His 
forecast was predicated on higher wellhead prices of natural gas 
to pay for the costly development program. Big gas demand 
increase seen for the west, since the population growth from Colo- 
rado westward has exceeded the national rate by a factor of two. 








Fasiest Drilled Well 
Used ATHAS EMUISIAER | 


Shell Cuts Drilling Time in ne s Mill Field 


In the Bryan’s Mill Field, Cass County, Texas, a 
new reco! or the fastest drilled well was set 
by Shell Oil Company using an Atlas emulsifier. COMPARISON 
In drilling Latham B-1, seven days were cut from 

, 1 LATHAM No. 1 
the previous field record, with a saving of $14,475 as 


in rig tin ind bit cost. 
inst . drill . ’ Drilling _ Diesel 
An ins} the drilling records for Shell’s Mud Mlk Emeision Oil Emulsion 


f 
Latha nd Latham No. 1, the previous fastest Rig Days 50 57 
drilled hows the improvement was made 
in the | where the Atlas emulsifier was 
used. The drilling contractor for the record well, 
Lecuno O mpany, had almost identical drilling 
times al t consumption from surface to 7,000 
feet. At tl lepth the mud was converted to a low- 
solids en n using an Atlas emulsifier instead 
of a conv nal emulsion mud. Comparing the Paypooe 
last 3 Latham B-1 was drilled in seven DRILLING MILK 
days kk and with 27 fewer bits. Translated ADDED 





Interval 7000-10,400 7000-10,300 


Hole Size 834" 8%” 
Bits Used 54 81 
Feet per Bit 85.87 50.28 








into « his represents a saving of $8,400 in 
rig tin 56,075 in bit cost. 


ATLAS EMULSIFIERS IMPROVE A GOOD DRILLING FLUID 
Because Atlas oil-in-water emulsion muds 
provide better oil action, they improve hole 
conditions, extend bit life, and increase 
penetration rates. 


Better Hole Conditions. Atlas oil emulsion 
decreases torque as much as 50% ... the 
hole is kept cleaner and pump pressures 
are correspondingly lower. There is less 
danger in lost-circulation and low-pressure 
zones. 
Longer Bit Life. Atlas oil emulsion prevents 
balling, provides better cutter and bearing 
lubrication. Greatly extended bit life re- 
ee ee Se. duces bit costs, reduces rig hours lost to 
Distributed by Magnet Cove Barium Cr seilbet Nernst trip time. 

Resistored (eG Sa tama ‘ Faster Drilling Rates. Atlas oil emulsion 
t BARIUM COR makes more feet of hole per hour. Oil lu- 
brication combines with improved hole 
condition to increase drilling rates in com- 

petent and troublesome formations. 


Aquaness 
CHEMICALS 
ATLAS POWDER COMPANY 


Aquaness Department, Atlas Powder Company 
P. O. Box 21072 + Houston 26, Texas 








WHAT. ws 
DOCTOR A SUCKER ROD? 


Since doctoring won’t heal nicks, scratches or bends 
in sucker rods, Continental rods get kid-glove treatment 
from start to store stocks to prevent surface damage. 


Pe ee oe eee 


Exclusive shot-cleaning blasts away harmful surface mill 
scale before forging to eliminate galvanic cells.. 

weak spots for corrosion. 

Specia! handling equipment protects the rod’s 

surface during processing. 

Palletizing, immediately after painting, prevents nicking 
and bending rods during storage or truck delivery. 
Unique “floating load” cushions rods during rail 
shipment, so even their protective paint is seldom marred. 


Rod Store Stocks are properly racked on special steel 
supports, faced with wood, to further protect the rods. 


Periodical Spraying of store stocks keeps rods 

in top condition .. ready to be picked up unblemished for 
longer pumping in your toughest wells. 

Six Continental rod grades cover a wide range of 
prices and metals, enabling you to pump any well at the 
lowest possible rod cost. 


Do the rods you buy get this extra care 
that means longer pumping for lower production cost? 





-GONTINENTAL-EMSCO 


Serving the Oi/ and Gas Industries ... Worldwide 

















CONTINENTAL-EMSCO COMPANY, o Division of The Youngstown Sheet and Tube Company, General Offices: Dallas, Texos; 
Export Division: 30 Rockefeller Plazo, New York, N. Y. © Continental-Emsco Company Limited, General Offices: Calgory, Alberta, Canode 
Continental-Emsco Company C. A., Caracas, Venezvelo * Plants: Houston ond Gorlond, Texos; St. Albans, Herts, England © Representatives in All Principal Oil Fields of the World 





PREVENT 
"REEZ-UPS 


SHUT-DOWNS 


and SHRVICK CALLS with 
FREE-O-FREEZ 


There is a B REE-O-FREEZ unit designed to solve 
your cold er production problems: 


The FREE-O-FREEZ heats the well 
stre e heater flow coil to prevent freeze-ups 
and mations. The water-oil separator 
sect nersed in the hot water bath of the 
heat his unit has been very popular on leases 
wher ther operation is a must. 


The e Dip” is identical to the spherical 
FREE-O-FREEZ except that it processes two well 
strea he same unit at the same time. 


Thi init designed to handle gas streams 
containinj ous fluids that tend to foul the 
operat f conventional equipment. This is another 
example of how BS&B engineering and know-how 
solves d production problems. 


The } | FREE-O-FREEZ is recommended 
for leas ere there are surge problems. Inlet gas 
heat d to keep liquid from freezing in the 
separ This is accomplished by piping the 
inlet hrough a coil in the liquid section of 
the tor 


FREE-O-FREEZ units are Compact, Skid-mounted, and 
provide Dy lable, Automatic, Trouble-free operation 
in all type eather. FREE-O-FREEZ units are equip- 
ped with fety first—the BS&B flash arrestor which 
eliminate h backs and provides maximum burner 
safety 


A call t 11 BS&B representative is all that’s 
needed to er ur cold weather lease production prob- 
lems: Or BS&B, Dept. 1-GY7 7500 East 12th 
Street, Kar y, Missouri. 


OKLAHOMA CITY * KANSAS CITY * TULSA * EDMONTON * THE HAGUE 


FREE-O-FREEZ ademark of BS&B 














Trinity 


LITE-WATE & 


A Complete 


CIRCULATE 
SURFACE PIPE 

LOW-DENSITY WITH TRINITY 

CEMENT LITE-WATE 


No loss to weak formations 


Trinity Lite-Wate is a neat oil well 

cement with a low slurry density. Noth- 

ing “Sin ya ag hb = — TIE 

weight properties entirely from the hig 

quality raw materials from which it is PROTECTION 
made. Easy mixing, easy pumping, can OR SALT STRING 
be circulated with low pump pressure TO SURFACE PIPE 


and without loss to weak formations. It 

has proved satisfactory in circulating the W/TH TRINITY 
surface pipe, tying protection or salt LITE-WATE 
string to surface pipe and tying produc- 

tion string to protection or salt string. 


Trinity Lite Wate has been in use for 

several months in such varying well con- 

ditions as found in West Texas, Okla- 

homa, East Texas, Louisiana, Gulf Off- 

shore and New Mexico, it has produced TIE 

returns in every case where attempted. 

PRODUCTION 

STRING TO SALT 
OR PROTECTION 

All slurries were mixed in accordance with STRING WITH 


procedures in the API RP 10B. Slurry 

weight and volume were calculated on the TRINITY 
basis of Lite-Wate specific gravity of 2.80. LITE-WATE 
Absolute volume 3.22 gallon. Absolute 

volume cubic foot 0.43. 


SLURRY PROPERTIES 


Mixing Water 





Gallons Per Volume Per 
| Cubic Foot initial Slurry Wt. Cubic Foot 
Per Lite-Wate Viscosity Pounds Per (75 Lbs.) 
cent (Dry Vol. 75 Lbs.) Poises Galion Lite-Wate 
} 
; 





65 5.85 13 13.66 1.21 

75 j 6.75 6 13.18 1.33 

85 7.65 12.77 1,45 

95 8.55 12.44 1.57 

105 9.45 12.14 1.69 — 
10.35 11.89 4,08. es 











‘s BO i MN 2’: xX 








vm | 
TRINITY 


MJ 
bei PORTLAND CEMENT DIVISION 8 ee EARLY 
( RAL P C - ( Aw oo STRENG TH 
JE NERA ORTLAND EMENT OMPANY TOMISH li i] AND CEMEW 
GP , ee 
(S@ pALLAS-FT.WORTH- HOUSTON 
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McCULLOUGH 
SALINITY LOG 


with scintillometer 


...@ nuclear log that tells 
OIL from SALT WATER 


The McCullough Salinity Log determines the 
presence and degree of saline fluids in formations 
surrounding the bore-hole. It will distinguish 
between oil and salt water and can be used in 
open or cased hole. Providing hole diameter is not 
extreme, it may be used where air or gas or highly 
saline fluid was used for drilling. 

A “chlorine” curve and a “hydrogen” curve are 
recorded simult neously at the same depth 
elevation with a single detector. These curves 
are compared to indicate the amount of salt, NaCl 
in particular, that is present in the formations 
being investigated. In potential oil bearing for- 
mations the absence of salt is indicative of the 
presence of oil. 

The recording of the two curves simultaneously 
is considered essential. It eliminates the possibility 
of a depth discrepancy between two curves which 
are recorded separately. It also insures the record- 
ing of information under identical physical 
conditions —of extreme importance in interpreting 
the two curve 

A higher counting rate and greater instrument 
efficiency allows an increased spacing (23% in.) 
between the source and the Scintillometer. This 
provides the added benefit of a proportionately 
larger zone of investigation. 


Take a look at these features: 
® Distinguishes between salt water and oil in liquid 
bearing formations. 


= Determines the degree of salinity in formation 
fluid. 


Identifies salt water zones that must be blanked 
off 


Makes possible water saturation calculations for 
potential oi! bearing zones. 


Shows salt water and oil zone contact under suit- 
able conditions. 


Aids in determining gas/oil contact. 


Helps determine if it is economically practical to 
set casing on new completions, 


Aids in evaluating correct depth to set casing 
string. 


= Accurately re-evaluates old wells to locate 
potential cased-off production. 


# A reliable tool for porosity determination. 


M'Cullough 


TOOL COMPANY 


Los Angeles * Houston « Edmonton 
Cable Address: MACTOOL 
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SPECIAL REPORT TO MANAGEMENT 








OT1S Propuction NEWS 





Volume II, Number 4 Otis Engineering Corporation « Dallas 


Production Equipment and Services 





Otis Triple Zone Selective 

Cross-Over Completion Designed to 
Permit Production of Any Two Zones— 
Postpone Remedial Work 


CORPUS CHRISTI—Operators | 
in this area have found a new Otis : 
Selective Cross-Over Completion 
ideal for producing new triple zone 
wells. The completion offers its 
greatest savings through selectivity 
of production, and is designed to 
postpone remedial operations which 
would entail moving a rig back over 
the hole. The completion is also 
designed to be made in standard 
5%” casing using 2%” tubing to 
aid in holding downhole equipment 
costs to a minimum. This new Otis 
triple zone completion is designed to 
permit any one of the three zones to 
be produced individually with the 
other two blanked off, or two of the 
three zones to be produced simul- 
taneously, directing the production 
from either zone through the annu- 
lus or the tubing as desired. When 
producing two of the zones simul- 
taneously, one of the zones must be 
crossed-over just above the top 
packer through the use of a stand- 
ard Otis Concentric Cross-Over 
Choke. 


In addition to the above, this type 
of cross-over completion offers sev- 
eral other production advantages. 
The completion technique employed 
on initial installation is designed to 
permit each packer to be tested to 
the breakdown pressure of the zones 
before the next packer is set. Access 
to the upper zones is through the 
ports in the Sliding Side-Door® 
assembly of the Type HS Otis 
Retrievable Isolation Packer. Type © 1961 0.£.C. 
HS Packers are used to isolate the | | 
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upper two zones as shown in the 
accompanying installation diagram. 
In this installation, by straddling the 
upper zone with the top two packers, 
a short extension to the Otis Straight 
Flow or Cross-Over Choke acts to 
permit selective production of the 
middle and lower zones or the mid- 
dle and upper zones through the tub- 
ing or annulus, with the alternate 
zone blanked off in each case. This 
also serves to permit chokes to be 
changed by standard wire line meth- 
ods without requiring a rig over the 
hole. 

In addition to these advantages, 
the completion technique is designed 
to permit any one of the zones to be 
exposed to the tubing or the casing, 
or both, with the other two zones 
blanked off for circulating, treating, 
and testing. Fracturing treatments on 
individual zones at pressures up to 
4,500 p.s.i. have been performed in 
wells using this type of completion. 

This is another Otis-engineered 
completion designed to provide the 
ultimate in economical, versatile, 
and efficient alternate-zone selective 
production. For more information 
on alternate-zone, selective and mul- 
tiple completions, or for help with 
any other specific completion prob- 
lem, call the Otis office nearest you 
or write Otis, Dept. 4-W, P.O. Box 
35206, Dallas 35, Texas. You'll find 
your Otis Well Completion Special- 
ists ready to help you . . . anxious to 
serve you. 


OTIS 


Engineering Corporation 
General Offices: 
6612 Denton Drive + Dallas, Texas 
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The Guts of a Rig is its DRAWWORKS 


And when you choose Brewster drawworks.. . you know it’s so. 
It takes bold, lusty power to make hole. Positive power, fast and sure. 
Brewster gives you this... trip after trip. 
Again and again. 


BIEWsiIEm 


DEPTH RATING ....... +++ + 12,000 to 14,000° 
TOTAL HORSEPOWER ....+«+++++++++ 1,200 


Torque Converter, Fiuid Coupling or Mechanical Drives. 
Heavily Shafted and Chained, the N-95 Drawworks Will Accept the Full 
1,200 H.P. at the Drawworks input Shaft. 


DRAW WORKS 


Brewster N-95 is a single package side of the hoisting speed. All transmission clutches are air- 
skidded orks. Integrally mounted on the main skid actuated and air-interlocked to prevent engagement of oppos- 
are the control panel, built-in transmission and hydromatic ing clutches. 
brake | piping and water level tank. When placed on 
the dr 2 floor the drawworks requires the connection of comPpouND 


only two ch to be ready for operation . . . one chain from : 
input shaft compound ... one chain from rotary drive The N-95 is available with two types of com- 


to tl pounds, sectional and heavy duty box type. Single and split 
level arrangements are available. Engines are coupled to the 
compound through Fawick air clutches which also serve as 
flexible couplings and act as engine disconnects when mov- 
ing the rig. When fluid couplings or torque converter drives 
are used, engines can be coupled to compound by a flexible 
coupling. Compounding clutches are gear-tooth type and 
can be actuated singly or in groups giving a wide variety of 
compounding arrangements. 


wi low, rotary and input clutches are 

capacity, air-actuated Twin-Disc plate 
are mounted outboard for ease of servic- 
es are complete units and may be removed 
ntenance or service. All chains and high 
oil pressure lubricated. Drum shaft bear- 


ricated. 


a , ‘ PUMP DRIVE 
mpact chain transmission is enclosed in — 


n the rear of the drawworks frame. It Single or dual pump drives are mounted at the 
field-proved graduated-speed design with rear of the compound. They are connected to the compound 
eds, each a 38% speed increase. A gear through Fawick air clutches. Air controls at the driller’s 
When combined with the high and low position permit the drives to be used singly or together and 

ht forward and two reverse speeds are avail- at different speeds. Mounting of both pump drives at the 
A third shaft in the transmission enables rear of the compound simplifies rigging-up and manifolding 

t a high or low rotary speed independent ... eliminates the need of idlers or notching the substructure. 








Brewster Matched 





Drilling Equipment for the 
N-95 Drawworks includes 





the Model 400 Traveling 
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PERFORMANCE CHARACTERISTICS 


Cathead 
Shaft R.P.M. 


Sprocket 


Transmission Speeds R.P.M. 


5 Naa —; D ROVE SHEAVE > 


= 

= e. 
= - ie eo 

i +P Qui 


1) "0" GROOVE SHEAVE R= 





| 


Low Speed Drum High Speed Drum 


| Rotary Drive 


Drive Line Speeds 
And Pulls 


Drive Line Speeds 
And Pulls 





Low 109 216 


326’/Min. 88,500 Ib. 1,235’/Min. 24,130 Ib. 





——EE———E 


Second 15] 





457’/Min. 67,100 Ib. 1,710’/Min. 18,490 Ib. 





Third 


632’/Min. 48,600 Ib. 2,380’/Min. 13,290 Ib 





High . 


BRAKES 

Brakes are full 325° wrap, having 1%” x 10” 
linings on 50” diameter drums, with a total braking surface 
of 2,836 square inches. Brake flanges are bolted to the main 
drum and are of the circulating water-cooled type. The 
compound equalizing and self-energizing brake design pro- 
vides maximum holding power with little manual effort 
Provision has been made to cradle mount a hydromatic or 
dynamatic brake on the side opposite the driller 


CONTROLS 

All controls for the N-95 drawworks, compound 
engines and pump drives air-actuated. The simplified 
control panel is mounted as an integral part of the draw- 
works package. Its convenient location permits the driller 
to have a full view of the drum and all operations on the 
drilling floor. Controls provide a wide selection of engine 
compounding arrangements. Transmission clutches are oper- 
ated by turning a single hand wheel to the selected speed. 


are 


PORTABILITY 


The N-95 has been designed for maximum ease 
in rigging down and moving. The entire rig can be moved 


THE BREWSTER COMPANY, INC. 


P.O. BOX 1095, SHREVEPORT, LOUISIANA 


879’/Min. 34,900 Ib. 3,310’/Min. 9,550 Ib. 





Line pulls based on 1,050 h.p. with 83.3% Rig eff 


in four over-the-road packages when the 3-engine compound 
is used. When the 2-engine compound is used, only three 
packages are required. The drawworks is separated from 
the compound by disconnecting a single chain and unbolt- 
ing one guard. The controls, transmission, rotary drive and 
hydromatic brake are mounted on the main drawworks skid 
and moved as a single load. 


LUBRICATION 


All chain drives in the drawworks, transmission 
and compound are oil bath and oil pressure lubricated. They 
are enclosed in oil-tight housings. All main shaft and 
sprocket bearings are pressure oil lubricated and drum bear- 
ings are grease lubricated. An abundant supply of filtered 
oil is supplied by separately driven oil pumps. Oil cooling 
coils are available for the compound. 


For more details ask your Brewster dealer or 


write THE BREWSTER COMPANY, INC. 


AH 





PRODUCTS OF CREATIVE ENGINEERING 


a € q » ua rton Bulk Cementing Services 


REDUCE WASTE TO 
SAVE YOU MONEY 


Since 1940 when Halliburton introduced bulk cementing for oilfield use, operators 
have been saving money in primary and remedial cementing costs. These savings 
are measurable on every job...lower labor costs compared to sack handling 
methods ...no sacks to break or be damaged by weather... unused neat cement 
returned to bulk plant for credit...more uniform cement slurries for a better 
overall cementing job. 


Halliburton-designed bulk handling systems help protect every pound of cement 
from plant to well site. Halliburton road, rail, and barge facilities are in use daily, 
handling huge quantities of bulk cement and additives with mechanical and pneu- 
matic systems. These systems are a»signed to keep the cement dry — and ready to 
be delivered at your well site uncak¢d and unspoiled .. . at the lowest possible price. 


Helping you cut cementing costs is part of your Halliburton man’s job — and 


recommending bulk cementing s rvice is one way he does it. 


BEST CEMENTING RESULTS require more than just modern handling equipment. 


The consist iniform cement slurries are made Roto Wall Cleaner—Specially designed to 
remove mud cake from bore hole wall and 
c minimize precautionary or remedial squeeze 

jobs. Design prevents bridging of annulus to 

restrict flow of fluids and minimizes mud cake 
signed casins s to help give maximum perform- disturbance while running casing to bottom. 
ance fron cementing job. Here are a few: Claw-type cleaning springs of high tensile- 
strength spring steel provide maximum action 
in cutting and removing filter cake during 
casing rotation. Casing can be kept in desired 
position for cementing upon completion of 
cleaning...thus minimizing possibility of 
sticking it off bottom. 


possible by | burton handling and mixing equip- 
ment when t ell bore is properly conditioned for 


their plac t. Halliburton engineers have de- 


Halliburton's S-3 Casing Centralizers pro- 
vide a better bond between pipe and 
formation through better distribution of 
cement. Unique design uses be 
8” long to cover more side wall 
avoid key seats. Open design Recipo Wall Cleaner—This design uses 
obstructed circulating of cement wide, tough, claw-like fingers of special for- 
Clearance provided between mula natural rubber molded to hinged 
r end bands and casing permits eprd¢, steel collars for covering more bore 
pe freely. Heat-treated spring A Ke hole area. Spacing between fingers 
plies the centering force needed to ies Ya eal permits freer passage of cuttings and 
combat de | holes and deflected casing. loss circulation materials. Hinged for fast, easy 





275 Service Centers... just minutes away from your well 
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positioning on casing. Fingers fold upward to avoid 
wall damage while running casing, and during 
reciprocation they turn down causing the two inner 
prongs to clean the bore hole. 


EZ Lok Limit Clamp—This economical tool 
installs auxiliary equipment without welding 
on casing or tubing at selected spacing. 
Hinges allow easy installation. Heat- 
treated steel dogs use rocker-type action 
to grip casing for prevention of move- 
ment in either direction — withstanding force up 
to 20,000 lb. in tests. 


CEMENTING SERVICES 


Halliburton 


COMPANY . DUNCAN OKLAHOMA 


THE PETROLEUM ENGINEER, July, 1961 





Full-Flow Packer Shoe—Protects formations 
below during tubing or casing cementing 
operation in new or old uncased wells. No 
internal parts remain in string for drilling 
out — saving you rig time. Device operates 
when opening bomb hits seat on shoe to 
set packer. Then the ports open to displace 
cement into place. Seating a plug closes 
ports, then plug, seats, and bomb discharge 
cleanly out of shoe into open hole below. 
Full-Flow Packer Shoe fits standard tubing 
or casing sizes with packer sizes available 
for various recommended hole sizes. 

PUT THIS COMBINATION TO WORK FOR 
YOU. The best cements, the best cementers, the 
best cementing tools and equipment. It all bears 
the Halliburton nametag. 











ARMOUR ARQUAD® T-2C AND 
ARMOMIST® ADDITIVES “FOAM” 
WATER TROUBLES AWAY 


Armour chemicals have proved to 
be effective foaming agents in vari- 
ous field operations. They remove 
water in the form of a high-capacity 
foam. Results: foaming agents turn 
low-productive gas wells into profit- 
makers, help increase penetration 
rates in air drilling operations. 
Here’s how... 





PETROLEUM CHEMICAL SALES LC-EPARTMENT 


Armour Industrial Chemical Company 


e Armour Chemical Industries + 5738 N. Central Expressway, Dallas 6, Texas 
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ARQUAD T-2C BRINGS DROWNED GAS 
WELLS BACK TO LIFE 


Productivity of water-logged gas 
wells can be restored with injec- 
tions of Arquad T-2C. This Armour 
chemical immediately goes to work 
on the water that is obstructing 
flow of gas—turns it into a foam 
which rises to the surface. Expen- 
sive remedial treatment costs are 
eliminated. Arquad T-2C foams 
systems in which both water and 
hydrocarbons are present. Gas 
wells in Kansas, Louisiana, Okla- 
homa and East Texas have already 
undergone successful treatment 
with this cationic chemical. 


SEE THE MAN WHO KNOWS 


For detailed information on Armour Idea 
Chemicals for use in gas wells and air drill- 
ing, consult your Armour oil field specialist. 
District sales and service offices in Chicago; 
Dallas; Tulsa; Denver; Houston; Los An- 
geles; Robinson, IIl., and Calgary, Canada. 
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AIR COMPRESSORS ——_ 


ARMOMIST REMOVES BRINE DURING AIR DRILLING 


High penetration rates have made air drilling in- 
creasingly popular. Water encroachment has been 
the primary deterrent to this form of drilling to 
date. Armour Armor: «« helps solve the water in- 
vasion problem by t: nsforming liquid into a 
foam. This includes waters with a high brine con- 
tent. Field tests have shown that Armomist can 
remove as much as 100 barrels of water per hour. 
Since Armomist is ‘just as effective in brine as it is 
in fresh water, it eliminates the need for more than 
one foamer. This chemical conditions shale; dis- 
perses cuttings and chips to help prevent “‘ball- 
ing.’”” And, because of its cationic film-forming 
ability, Armomist provides additional corrosion 
protection to your drilling string. 


ARMOUR INDUSTRIAL CHEMICAL COMPANY 
5738 N. Central Expressway, Dallas 6, Texas 


Please send me: 
Technical Bulletin No. G-20 on Armomist for air drilling 
Special Report No. 5 on Arquad T-2C for gas wells 
Sample of 

Name 

Company 

Address 


City 
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power for: 


DRILLING e COMPRESSORS 
WATER FLOOD e PIPE LINES 
PUMPING e ELECTRIC POWER 


WORLD'S FINEST 
O/L FIELD POWER 


10 to 1235 hp 


BOTH DIESELS 
AND 
“BUILT-FOR-GAS” 
ENGINES 


520 


WAUKESHA MOTOR COMPANY, WAUKESHA, WISCONSIN / New York * Tulsa * Huntington Park, Calif. 
Factories: Waukesha, Wis.; Clinton, lowa; Houston, Texas 
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Rector 


A low-cost casing head designed for 
positive trouble-free completions 


The Rector Type M-4 casing head is a simple and 
compact head, designed especially for the safe, 
economical completion of any medium pressure 
range well. 


The Rector M-4 seals permanently, without the 
use of resilient packing. It carries a restricted 
ring groove for final setting which upgrades the 
working pressure of the flange connection to the 
next higher rating, permitting connection of the 
next higher pressure rated tubing head without 
the use of cross-over flanges. 


The Rector M-4 flange has a standard A.P.I. ring 
groove for attachment of drilling control equip- 
ment and is furnished with a removable drilling 
protector ring. 


For economy and dependability choose a 
RECTOR M-4 casing head for your next com- 
pletion. Available through your favorite supply 
store or your RECTOR representative. 


WELL EQUIPMENT Co., INC. 


Me Cakiing the Cw Sudustey Sefer! poe 


CUipme™ 
1100 North Commerce, Fort Worth, Texas 
Houston Plant: 2215 Commerce Street 


EXPORT REPRESENTATIVES: CONTINENTAL-EMSCO CO., MID-CONTINENT SUPPLY CO., OILWELL DIVISION OF UNITED STATES STEEL CORPORATION 
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GOOD MEN 
GOOD TOOLS 


Dependable remedial 








Baker provides the right tool (or tools) and 
accessories for any remedial or stimulation job. 


able Full-bore Ce- 
410) is an impor- 
enting, fractur- 
testing packer. It is 
2 Baker Retrievable 
roduct 677-C) in 
ns, either single- 
ve multiple-zone. 
ug together can 
ally unlimited dis- 


tance. And any number of zones 
can be treated in one round trip. 
3 Baker Drillable Cement Retainer 
(Product 400) sets the industry 
standard for dependable high- 
performance squeeze cementing. 
4 Baker Drillable Wire Line Bridge 
Plug (Product 400-N) is the indus- 
try’s most available and most reli- 
able bridge plug. 


Dicpinmsapanisveemusenenassjeial 


and stimulation 
service demands both. 
Baker offers both. 


YOU ARE LOOKING at four of the most 
respected well-service tools in the indus- 
try. They command respect because their 
performance is consistent and reliable. 
They have proved themselves in thousands 
of critical downhole operations. 

Simplicity is important in service tools. 
A simple tool is a reliable tool—and it is 
easier to control when it’s in the well. Sim- 
plicity of design is one important reason 
for the success of Baker service tools. 


YOUR BAKER SERVICEMAN lives and works 
in your area—and he knows the well- 
service problems of your area. 

His local knowledge is vital. It helps 
keep him—and you—out of unforeseen sit- 
uations. It helps him sense trouble before 
it starts. It guides him—and you—when you 
get into something you couldn’t anticipate. 

A Baker Serviceman does his work with 
confidence and authority. He knows his 
area, and he knows Baker tools. He’s a 
tool specialist. Baker tools are his only 
business. He’s a good man to call for your 
next remedial or stimulation job. 


BA KER REMEDIAL AND STIMULATION TOOLS 


babe BAKER OIL TOOLS, INC. HOUSTON /LOS ANGELES/NEW YORK 
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HOW TO LOCATE RESERVOIR LIMITS 


J. E. “JIM” CORNETT, Consulting Petroleum Engineer, Houston, Texas 


Recordings of bottom-hole pressures provide data for a unique method of 
calculating reservoir limits, estimating in-place oil or gas, and locating devel- 
opment wells for most efficient drainage. Case histories validate this technique. 


FINDING OIL and/or gas may end one long chain of 
problems, but immediately establishes others. Among the 
most difficult of these new problems an operator must re- 
solve following a discovery well are: 

(1) Is there sufficient in-place oil or gas to warrant 
setting pipe? 

(2) Is there enough oil and/or gas in the reservoir to 
pay for drilling additional wells? 

(3) Does the reservoir have adequate areal extent to 
justify retaining offset leases? 

(4) Should more leases around the discovery be ob- 
tained? 

(5) Should the discovery and leases be farmed out or 





Table 1. Reservoir Limit Test Results of Twenty-Two Reservoirs in Last Five Years. 


(6) What is the general geometric shape of the reservoir 
and in what positions would additional wells best drain the 
reservoir at lowest cost? and 

(7) Are there portions of the reservoir too tight to re- 
cover hydrocarbons economically? 

There is a proved method to get the answers to these and 
other reservoir questions. It is the reservoir limit test devel- 
oped by Professor Park Jones of The University of Houston 
and consulting reservoir engineer at Houston, Texas. 


The Reservoir Limit Test 

The reservoir limit test (RLT) is the name given to a 
well-testing method that enables the operator to evaluate 
reservoir conditions away from the well being tested. There 





In-Place Proved by RLT 
Gas Oil 
Area (MMef) (1000 bbl) 

Texas Gulf Coast 74 - 
La. Gulf Coast - 
Texas Gulf Coast Nodrawdown recorded 
La. Gulf Coast 290 
Texas Gulf Coast 11,400 
Texas Guif Coast 
Texas Gulf Coast 
Texas Gulf Coast 
La. Gulf Coast 


25,240 
25,800 
5,780 


DONS Om 0 NO 


21,208 
19,800 


Offshore Gulf Coast 
Offshore Gulf Coast 


Conditions shown by 

interpretation of test 
All productive limits reached 
135 All productive limits reached 


g/w contact 600 ft from well 
No boundaries reached 

309 All productive limits reached 
- No boundaries reached 
No boundaries reached 
No boundaries reached 


Three boundaries 500 ft, 950 ft, 1600 ft 
One boundary at 400 ft 


Conditions shown by later drilling, 
production and pressure information 

Well abandoned after producing 18,577 Mef. 

Well abandoned after nroducing 12,265 bbl 

No information available. 

No information available. 

One-half mile offset productive. 

Four offset dry holes—well abandoned at 49,000 bbl 

2300 ft & 2700 ft offset-—wells productive. 

Total sand by decline curve and volumetric 31,000 MMcf. 

2 dry holes 1700 ft & 2300 ft from well. (Test not run 

long enough.) 
No information available. 
No information available. 


Offshore Gulf Coast 
Texas Gu!f Coast 
La. Gulf Coast 
Texas Gulf Coast 
Texas Gulf Coast 


Texas Gulf Coast 
La. Gulf Coast 
La. Gulf Coast 
Texas Gulf Coast 
Texas Gulf Coast 


East Texas 


43,620 
5,460 
2,800 


- 923 
100,000 
2,080 
456 


2,000 


Two boundaries at 125 ft and 400 ft 
No boundaries reached 
“Non-sealing” boundary at 3500 ft 
All productive limits reached 
Gas/water contact, 400 ft from well 


One boundary within 200 ft 

No boundaries reached 

No boundaries reached 

“Non-sealing” boundary at 575 ft 
Drill-stem test, faults at 260 ft, 410 ft 


Gas/water contact 500 ft 


No information available. 

One-half mile offset well productive. 

No information available. 

Sand gone in offset well. 

Well originally gas comnletion, reclassified to oil. 
Test run three years later. 

No offset wells drilled. 

Three offset wells productive—one across a distant fault dry 

No information available. 

Production from well anproximately three times volume 
of fault block. Two offset wells productive. 

260’ fault known due to missing section on log. 410’ 
fault unknown. 

Geological interpretation picks gas/water at 700 ft 
Well went to water. 





Total 
Av. gas 
Av. oil 








266,931 
16,700 
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are two general methods used today: that of constant rate 
and constant pressure. Most frequently used of the two so 
far has been the constant rate method. 

By running the test at a constant rate and measuring the 
drop in pressure that occurs in given periods of time, an 
interpretation of reservoir conditions can be made. The well 
must be p | at a rate high enough to clean itself of 
all mud and to prevent heading. 

Any flow g these requirements can be used in a 
reservoir lim Drillstem tests, when run long enough, 
give very good Its as test 21 of Table 1 shows. 


How the Method Works 


When a plot of bottom-hole pressure and time on semi- 
log paper ht line, the fluid in-place and that being 
produced is the same. Also, for as long as this plot is a 
straight line t re no productive limits encountered in 
the reserv ; similar to a stone dropped in a body 





FIG. |. Drawdown curve for a well with no boundries shown 
at the end of ten days flowing test. 


FIG. 2. Reflection of pressure wave changes the drawdown 


curve fro sight line. One boundary is shown at the end 
of te 


TIME DAYS => 





1.0 


FIG. 3. Transient and steady-state flow as shown on a 
drawdowr e 
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of water. Ripples are created, but as long as none are re- 
flected back to the point where the stone was dropped, no 
edges can be assumed. (see Fig. 1). 

If, however, the location where the stone was dropped 
shows a reflected ripple, then it is known that something 
has caused it. Also, if there is some change in the pressure- 
time plot away from a straight line there must be something 
causing it. Such a curve is shown in Fig. 2. 

What caused it? This is the problem in the reservoir limit 
test. Nature determines the shape of the curve but man must 
interpret it. 


Interpreting Drawdown Curves 


From empirical calculations, the reflection from a bound- 
ary is known to be the same as the interference from another 
producing well. Or in comparison, the reflection from the 
edge of a body of water is the same as it would be for an- 
other stone dropped at a proper location in a larger body of 
water. 

In the case of one boundary, the slope of the drawdown 
vs time, the curve will ultimately double. For gas-water con- 
tacts, and other things equal, the slope will ultimately 
increase to the same ratio as the viscosity of the water as to 
the viscosity of the gas. 


Wells React Differently 


Every permeable rock filled with a particular fluid pos- 
sesses the properties which determine the rate of pressure 
propagation (or velocity) at which pressure is transmitted. 
The tighter the rock, the slower the rate of pressure propa- 
gation. A high-permeability rock containing a fluid such as 
oil allows the pressure drawdown to move very rapidly 
through it. 

The RLT on a well completed in less than 1-millidarcy 
rock may be compared to dropping a cannon-ball in a 5-gal 
bucket. There is no doubt when it hits that ripples can be 
seen. 

A well completed in a 100-millidarcy rock can be com- 
pared to a fist-size stone dropped into a 500-bbl tank. If 
the measuring instruments are precise, the ripple can be 
detected. The usual bottom-hole pressure bombs used in the 
past can be used on this type of well. 

A well completed in 1000-millidarcy rock can be com- 
pared to dropping a pellet in a 10,000-bbl tank. The ripple 
created is very small. The surface-recording bottom-hole 
pressure bombs described by R. H. Klob? provides the petro- 
leum industry with instruments that have the precision and 
sensitivity to measure the pressure change in high-capacity 
wells. 


Productive Limits and Contacts 


Impermeable productive limits and contacts indicated in 
drawdown curves can be explained and reproduced by 
empirical equations. Equations for the productive limits 
commonly found in reservoirs have already been worked 
out. These are: the sealing productive limit; the angle 
between two intersecting faults; the non-sealing fault; gas- 
oil, gas-water, oil-gas and water-gas contacts. In cases where 
properties of oil and, water are different enough, the oil- 
water, and water-oil contacts can also be determined. 

After all boundaries have been reached in a closed reser- 
voir, the flow will go from transient to steady-state. For 
steady-state flow, the rate of pressure change per unit 
rate of production will be a constant. As long as the rate of 
pressure change per unit rate of production is decreasing, 
transient flow conditions exist in the reservoir.* On the plot 
of drawdown vs. time, the change from transient to steady 
flow will be as shown in Fig. 3. 
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Determining Shape of Reservoir 


Jones has developed the Y curve to show what is happen- 
ing at some distance away from the well. The Y curve is 
independent of the well and depends only on the rock and 
fluid properties. This gives a clear picture of what is happen- 
ing (Fig. 4). 

As long as the plot does not deviate from a 45-deg slope, 
there has been no change in the properties of the rock or 
fluid. If a gas-water contact exists and is encountered the 
curve will look like Fig. 5. 

For a closed reservoir, the Y curve becomes horizontal 
(Fig. 6). 

In Fig. 6, let “a” be the last point on transient flow and 
“b” the initial point on steady flow. By relating the points 
a and b, the distances te the nearest and remotest boundary 
can be obtained. If, for example, the far boundary is three 
times the distance to the nearest boundary, then the gen- 
eral shape is as shown in Fig. 7. 

The distances to all other boundaries must be farther than 
one or closer than three. 

The above, tied-in with the geological information, is a 
better method of making future drilling locations. 


Proving Area for Additional Locations 
After the discovery is made, the second well could pos- 





TIME DAYS => 


Oo! 1 ] l 
0.01 0.1 1.0 fo.0 100 











FIG. 4. Jones’ Y-curve indicating no boundaries or fluid 
property changes. 





4 


STEADY STATE, Ye 
b 





TIME DAYS=> 


0.01 4 1 ! 
0.01 0.1 1.0 10.0 











FIG. 6. Closed reservoir shown by Y-curve. Section labelled 
Y is for transient flow (no boundaries); Y, is for steady-state 
flow (all boundaries). 
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sibly be a dry hole even with the RLT. This could happen 
as follows: If a productive limit is found close to the dis- 
covery well, the distance is known but not the direction. 
Taking a gas discovery well as an example, a test is run 
and one boundary, a sealing fault, is found at x feet (Fig. 
8). The distance x is less than the proved distance r. The 
fault can be at any point tangent to the x circle. By assum- 
ing that it is on the south side, the second well would be 
drilled on the north (Fig. 9). 

It is dry! So the fault must be between No. 2 and the 
No. 1 discovery. This proves the No. 3 location (Fig. 10). 
The No. 3 well can now be drilled within the proved area. 
The No. 3 is tested to extend the proved area (Fig. 11). 

Distance to the fault from No. 3 is found to be y. 
Then the fault must be tangent to both x circle and y circle. 
But, on which side is this fault? Well 4 is drilled only in 
the area proved by Well 1 and Well 3. 

Now, by testing Well 4, (Fig. 12) the distance z to the 
fault is found which fixes the position and strike of the 
fault and all additional wells should be productive because 
all locations will be proved by testing before drilling. There 
are now nine additional proved locations (Fig. 12). 


How to Orient Producing Capacity 
Suppose that the RL test shows that the producing capac- 











TIME DAYS > 
1 


1 1 
0.01 0.1 1.0 10.0 





FIG. 5. Gas-water contact indicated on Y-curve 

















FIG. 7. General shape of reservoir as determined by reser- 
voir limit test. 
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ity of the reservoir is ten times greater to the northwest. (No. 1) which checked within 20 ft of the fault distance 

The future development is shown in Fig. 13. Each addi- calculated by two different geologists. The RL test also 

tional well would be tested as drilled and this development found another fault, (Fig. 15, No. 2) that did not cut the 

would continue until the tests show all productive limits. well. Assuming a dip which is the same as fault No. 1, 

Ali addition: vned acreage would then be farmed out regardless of its strike, the RLT showed that the well was 

or sold. In each of the previously-mentioned cases, the in- not drilled deep enough to cut this No. 2 fault. 

place gas or has been determined along with the Test 22 of Table 1 shown by Fig. 16, shows an East 

boundaries and water contacts, if present. Texas gas well and the close agreement between the reser- 
voir limit test and the structural method of finding the 
distance to the gas/water contact. This well has now gone 

RLT Type Problems o> ‘water, 

[Table 1 shows a tabulation of 22 reservoir limit tests —— 
un in the last five years. It is by no means a list of all the Table 2. Data on Gas Wells Reported in Table 1. 
tests run, but only those which give a fair cross section of Build-u 
; ; ‘ P 
the types of problems most likely to be found in the field. Duration Time Effective 


The conditions shown by later drilling, production and Gas Rate of Following Completion Perme- 
pressure information is as up todate as was available to the —_ iD ——— — Efficiency— aad 
author at this writing. One test (No. 3) showed no measur- ; ‘ - — 0 —_ 
; ; th the eae! , : AVERAGE 3350 4.36 3.37 73 113 
able drawdow ) the present-day conventional bottom- MAXIMUM 7080 12 00 9.00 172* 


800 
hole bomb. H¢ r, with the new bombs,? a RLT can MINIMUM 1246 1.00 0.50 14 less than 1 




















be run on such 
Test 16 in 7 , is shown by Fig. 14. This well was Table 3. Data on Oil Wells Reported in Table 1. 

originally completed as a gas well. The gas-oil ratio went Build-up 

down, showing that the oil column had moved up. The Duration Time Effective 

well was reclassified as oil. After producing 121,000 bbl of Oil Rate of Following — <4 

yi] a tot 790 MMc F oas Sa Bins of Flow— Drawdown Drawdown Efficiency— meability 

oil and a {Mcf of gas, a reservoir limit test BbI/D Bee : o Md. 


was run to obtain the distance up-dip that the gas/oil AVERAGE 961 21 3 93 56.6 
7% 


contact had moved MAXIMUM _863 5.0 127 294 
Test 21 of Table 1 is shown by Fig. 15. A RLT was run MINIMUM 89 0.7 2.5 44 less than 1 

on this discove vell by running a cased-hole drill stem rarer ; 

test. Results showed a fault distance by the Jones’ method Aetians antver Dastarag. 














aN 





< \ 
| , °° 
are | 
] ¢ 
/ 
P j | \, 
N 


E-ASSUMED FAULT N 


FIG. 8. Sealing boundary is located at x FIG. 9. Second well is spotted north of well FIG. 10. Dry second well indicates that 
i+ direction is not known. No. | by assuming that the fault is located fault lies somewhere between well | and 2 


feet from well. t 
south of the first well. tangent to x radius as shown. 








£ 


FIG. 11. Well No. 3 can be located in the FIG. 12. Testing well No. 4 shows the fault FIG, 13. Future development for maximum 
proven area to the south of the No. | dis- to be z feet away, which fixes its position. well productivity would be as shown should 
covery well. Additional wells drilled in the proved area the RLT analysis indicate that producing 
should be productive. capacity of the reservoir is 10 times greater 

to the northwest. 
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Np= 0 BBLS 
Gp= O MMCF 


GAS/OIL CONTACT AT TIME OF COMPLETION 








WELL 
400'—4 








‘age 


Np* 121,645 BBLS 


Gp* 790 MMCF 











FIG. 14. Gas-oil contact movement updip was determined 
by RLT in Case 16 of Table | and schemmatically shown here. 








WELL 





f, =260' BY RESERVOIR LIMIT TEST 
f, = 250' BY GEOLOGICAL PICK *1 
ff =280' BY GEOLOGICAL PICK #2 
f>= 410' BY RESERVOIR LIMIT TEST 


I = UNKNOWN BY GEOLOGICAL METHODS 








F.G. 15. Uncut fault by Texas wildcat well was indicated 
on drill stem test to be lower than total depth. It checked within 
20 ft of actual location (see Case 2! of Table |). 








ABOUT THE AUTHOR 


J. E. “Jim” Cornett is a 
consulting petroleum engi- 
neer with offices in the 
Bank of the Southwest 
Building, Houston, Texas. 
A native of Bay City, 
Texas, he grew up and 
worked in the oil fields 
from high school through 
college. He was a roust- 
about for Hamill and 
, Hamill, a roughneck for 
Cowger Drilling Company, office helper for Trans- 
continental Gas Pipeline Company and a reservoir 
engineer for Western Natural Gas Company. He was 
graduated from The University of Houston in 1960 
with a BS degree in petroleum engineering and 
entered consulting practice shortly thereafter. He is a 
lecturer in petroleum engineering at The University 
of Houston and is a member of AIME and API. 








THE PETROLEUM ENGINEER, July, 1961 








Ff, = 500' BY RESERVOIR LIMIT TEST 
f= 700' BY GEOLOGICAL METHODS 











FIG. 16. Close agreement between results of reservoir limit 
test and geological determination of the gas-water contact in 
an East Texas gas well. 


Proved In-Place Oil or Gas 


Tables 2 and 3 show the wells tested by the RL method 
giving the five average, maximum and minimum values 
shown. The arithmetic average of the RLT shown in 
Table 1 found in-place 16.7 billion cut ft for gas wells and 
366,200 bbl for oil wells. The average of the oil wells tested 
produced only 548 bbi or 0.15% of the total oil in-place 
during these tests. The average of the gas wells tested pro- 
duced only 14,606 Mcf or approximately 0.09% of the in- 
place gas during these tests. 

From the results of the RLT shown in Table 1, 63% 
have proved to be correct by later drilling, production and 
pressure results. The remaining 37% have been tested re- 
cently for further confirmation. 


How Long to Run Test 


Is an additional well worth drilling? Before an RLT is 
run, the operator usually knows how much additional oil or 
gas a reservoir must contain for it to be economical to 
drill additional wells. 

Fig. 17 is a nomograph for finding the number of days 
required on a reservoir limit test on a gas reservoir to prove 
a specified number of acres. This gives only an estimate 
and should be used with care. If no buildup is to be run 
following the drawdown, use twice the time shown. This 
nomograph is based on gas of 0.05 cp viscosity and expan- 
sibility equal to the reciprocal of the pressure. 

The net pay thickness, porosity, and pressure at the 
location of the well are known. If fluid and reservoir prop- 
erties are available, the equations developed by Jones should 
be used. If there are no properties available, results of the 
equations worked before a test is actually run are only as 
good as the accuracy of the estimated properties of the 
fluids and rock. With this limitation in mind, permeability 
can be estimated and used on this nomographk with less 
time than that required for solving the equations on which 
it is based. It is based on Jones’ equation: 


R=4 Vat 
Where R is the explored drainage radius. 


t is time in days. 
7 is the diffusivity. 


Expansibility for gas was used as: 


- 1 
E,=p 


Where E, is the expansibility of gas. 

P is the bottom-hole shut-in pressure. Care should be 
taken when the pressure is above 5000 psi as the expansi- 
bility becomes more like one over 2P. 
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A 
in a semi-proven field, one or two additional locations are 
normally required per RLT. 

This nomograph is not to be used as a final authority 
in substitute for the equations developed by Jones. It is only 
to be used where a reasonable estimate is needed as to the 
amount of time required for the reservoir limit test. 


Example Shown in Fig. 17 

Permeability (effective) equals 100 millidarcys, porosity 
equals 10 Pressure equals 2000 psi and acres to be 
proved equals 40. Enter on left side of Fig. 17 and connect 
100 md and 10% porosity with a straight line to find a 
point on pit No. 1. From this point, draw a line 
through a p ‘f 2000 psi and find a point on pivot 
line No. 2. From this point, connect the number of acres References 


(40) and 2 days on the time line. If no build up 1. Jones, Park, J. “Drawdown Exploration Reservoir Limit, Well and 
; Formation Evaluation” Technical paper No. 824-G AIME April 1957. 


is planned, t! ne required to prove 40 acres would be 2. Kolb, R. H. “Two Bottom-Hole Pressure Instruments Providing 

twice 1.72 or 3.44 days. ’ ; oo Surface Recordings” Technical paper No. 1320-GAIME Octo- 
The Met re-tt umes the effective thickness gives 8. Hurst, W., “Unsteady Flow of Fluids in Oil Reservoirs,” Physics 5, 

the Mcf per fi icre. Knowing how many Mcf of gas January 1934. 

are needed profitable development, this volume is di- 

vided by the surface acre figure to get the number of acres Acknowledgment 

needed proved the test in order to drill more wells. In The author expresses his thanks and appreciation to 

a wildcat field with only one well, operators usually want Professor Park Jones, developer of the reservoir limit test 

iditional locations. With development wells procedure, for his assistance and criticism of this paper. 


to prove f 
xk 


TIME REQUIRED > ] 
17. Nomograph for estimating the number of days required suladoniun Glands 
a gas drawdown test to prove a desired number of acres. In the 
example shown, it was desired to prove 40 acres. Permeability was 
00 millidarcys, porosity was 10%, bottom-hole shut-in pressure was 
0 psia 


PERMEABIL 


1000 
PIVOT LINE #2 
900 


> 700 


4 800 


PIVOT LINE #1 


ACRES TO BE PROVEN 


GAS _IEST 
USE BOTTOM HOLE SHUT IN 
PRESSURE PSI 


+ 


MILLIDARCEYS 


TIME IN DAYS 


PRESSURE 


- O.t 
0.08 
0.08 

r 0.07 
4 











NOTE: Grepk cede *AStS: 0.05 ep 
z 


el 
P 


Po.06 





0.08 


. ¢ : Ugea)« 
GRAPH FROM EQUATION: ¢ 16» ote 


where x = Acres, | 
NX = Diffusivity, Lo.es 





t = Tine days 
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Basic engineering data shows how... 


SALT CONTENT CHANGES 
COMPRESSIBILITY 
OF RESERVOIR BRINES 


THE VOLUMETRIC BEHAVIOR of brines in petroleum 
reservoirs can make a big difference in the accuracy of 
reservoir engineering calculations. Reservoir water com- 
pressibility, formation volume factor (FVF) and density 
are functions of temperature, pressure, the amount and 
composition of dissolved solids and the volume and com- 
position of dissolved gases. 

The influence of temperature and pressure on gas-free 
distilled water density and compressibility has been studied 
by several investigators.':5.*°?° On the other hand, Dodson 
and Standing"! have studied the influence of dissolved nat- 
ural gas on distilled water compressibility and formation 
volume factor. Except for a partial approach by Bjerknes 
and Sandstrom‘ on sea water, no systematic experi- 
mental determination has been developed so far on the 
influence of dissolved salts on water c,, B, and py para- 
meters. This study goes further to determine the influence 
of salinity on reservoir water volumetric behavior. 

Compressibility (c,,) is defined by the expression: 


1 fov 
viel 


and expressed in psi‘ in the British measuring system and 
in (Kg per cm?)-! in the metric system. 

The value of c, is used to derive the reservoir fluid 
“effective compressibility” c,, where: 


(1 —S,.)c, + Sy Cy + Cy 


l —S, @) 


The c, parameter is used for material balance calcula- 
tions in undersaturated oil reservoirs.‘*: 1® Reservoir rock 
compressibility value c, appearing in Equation 1 can be 
derived from the studies of Fatt'? and Hall.*® 

Similarly, the c,, value is used to calculate the effective 
compressibility of water contained in the aquifer, based 
upon the equation: 


eS ee a 


The cy. parameter appears in the diffusivity equation 
describing the unsteady flow of water in an aquifer. In 
particular, this term explicitly enters the Van Everdingen- 
Hurst®® solution of diffusivity equation. The exact value of 
Cye Must be known when reservoirs subject to water drive 
are to be studied on a reservoir analyzer.® 2?: 2% 

Formation volume factor (B,.) is dimensionless. This 
parameter is normally used in material balance calculations 
in order to calculate the volume occupied, under reservoir 
conditions, by water produced from wells. It is also used 
to evaluate surface WOR based upon bottom-hole WOR, 
calculated through the fractional flow formula. 


Wherever temperature data are given, the degree sign has been omitted 
and simply written as (for example) 212 F for Fahrenheit and 100 C for 
Centigrade. 
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Density (p,,.), is expressed in lb per cu ft in the British 
measuring system, and in gm per cc in the metric system. 

The water density value, under reservoir conditions, 
must be taken into account in all cases in which gravita- 
tional segregation effects are present. Particularly, it aids 
calculating the buoyancy effect in case of water drive and 
evaluating the maximum allowable displacement velocity 
without the occurrence of fingering effects.*°:*® 


Methods Used and Results Obtained 

Brine FVF, density and compressibility have been de- 
termined within the following conditions: 

Temperature: from 68 F to 212 F (20 C to 100 C). 

Pressure: from 28.5 psig to 7117.7 psig (2 to 500 Kg 
cm*). 

Salinity: from 0 to 300,000 ppm (weight/volume) or 
0 to 300 gm/liter. 

Reservoir water has been reproduced by means of solu- 
tions of NaCl in distilled water. Actually, reservoir waters 
contain, besides NaCl, other salts (KCI, Na,CO,, K,CO.,, 
Na,SO,, K,SO,, CaCl,, MgCl,, Ca(HCO,),, Mg(HCO,),, 
etc.) which are usually present in much lower percentages 
as compared to NaCl. An experimental research on the influ- 
ence of such minor components would have required a large 
number of determinations. We have focused our attention 
on NaCl in water solutions only, formulating the assumption 
that the other existing minor components in reservoir waters 
exert on density, compressibility and FVF the same influ- 
ence as NaCl. This is equal to the assumption that the only 
salt dissolved in the water is NaCl. 

Experimental determinations were made with a PVI 
apparatus and a method described by us in a previous re- 
port.*t With such apparatus, the volume variations under- 
gone by an initial known volume of brine have been meas- 
ured, when tempefature and pressure varied within the 
above stated limits. 

All determinations have been carried out on rigorously 
degassed solutions, in order to eliminate the influence of 
any possible dissolved gas. 

Values of B,, versus temperature, pressure and salinity, 
are graphically summarized on charts Fig. 1, 2, 3, and 4. 
We notice, particularly, that values of B, determined for 
distilled water are well in accordance with those presented 
by Dodson and Standing" and derived from the book of 
Kuenan and Keyes.?® 

From values of B,, it is easy to calculate the correspond- 
ing densities through the equation: 


pw (14.7, 60, s) 


pw(P, T, 8) =-"B 0p, Tos) 


pw (14.7, 60,8) is the density of an NaCl solution with a 


B-25 





concentration s ppm, at 60 F and atmospheric pressure. 
The value of this parameter can be derived from the com- 
mon tables of physical constants.** 

[he influence of salinity on B, is practically null at 
low pressures. It becomes significant as pressure increases. 
For example 1118 psig the difference between brine 
FVEF at 300,000 ppm and distilled water FVF is approxi- 
mately 1% for any temperature within the range studied. 

At the ynditions of temperature and pressure, 
the influenc« linity on B, can be represented, in prac- 
tice, by means : linear law. Therefore, FVF of brines 
with an inter! ite concentration among those studied 
by us can b slated by simple linear interpolation. 

The average water compressibility (Cy,) has then been 
calculated mperature, pressure and salinity, based 
upon B,, experimental data. 

The equati -d for calculating Cy, is: 


2 =_— = 


+ By, P,—P, (3) 


B 


"w 


Pressure intervals (p, — p,) used in the calculations were 
711.2 psi Ke/cm*). The value of c,, thus obtained has 


been refer! 


1 
average pressure Pay =—>(P, + P,)- 


f Cy, are graphically summarized on 

and 8. Values of cy, obtained by us 

re well in accordance with those pre- 

and Standing'! and derived from data 
nan and Keyes.?® 

{ salinity on compressibility appears quite 

ppm salinity increase results in a com- 

around 2.5 +5xX107 psi? [3.5 + 

|, is a decrease equal to 7 + 20% of 


Smoothed 
charts of I 
for distilled 
sented by Do 
supplied by K 

Che infil 
clear. A 
pressibility 
7 ee 
Cw, value 
vell in accordance with results obtained 
pandstr6m,* based on experiences made 


These « 
by Bjerknes 
on sea watel 

At const mperature and pressure, and for small 
salinity vat the average compressibility cy, is a 
linear funct of salinity. For an intermediate salinity 
among th lered by us, the value of c,, can be 
calculate: linear interpolation. 


How Dissolved Gas Affects FVF 
and Compressibility 
In distilled water. Dodson and Standing studied the in- 
fluence exert natural gas dissolved in distilled water 
on its FVI sothermic compressibility. Results of these 
authors’ ces are summarized in Fig. 9 and 10. 
These ch ormally used to calculate B, and c, 
values of vater containing dissolved natural gas. 
Dissolv fluence on cy value, illustrated by Fig. 
10, has beer ssed by Jones'* through the following 
empirical 


, [1 + 0.0088 (R,,).) . . (4) 


where (R xpressed in cu ft per bbl. 

In Brines. D ed salt influence on parameters c,, and 
B,, of brin be divided into a first order and a second 
order effect. 7 first order effect has been described. It 
corresponds to the influence exerted by salts in water con- 
taining no d natural gas. 

The sec ler effect is the decrease in natural gas 
solubility due to the presence of salts dissolved in the water. 
No experimental determination has been carried out in this 
direction 

It is ¢ 
values, to tal 
must be p1 


admitted’ that correction of c, and B, 
nto account the dissolved gas in water, 
1al to the effective volume of gas in water 


gR ” 4, 
-Z0 


itself, which is calculated taking into account the dissolved 
Salts influence. 

The solubility in distilled water of the main gaseous hydro- 
carbons in natural gas has been studied by several auth- 
ors.*:?-* Salinity influence on natural gas in water solubility 
has then been studied by Dodson and Standing" for a very 
limited range of values, and by the authors*® and by Namiot 
and Bondareva***° for a wider range of salinity values. 

Results of the three latter studies establish that, for me- 
thane and ethane at least, Secenov’s equation, which ties 
the gas in brine solubility to the water salinity, is applicable. 
Secenov’s equation**:?> can be expressed as: 


Rew n 
10 ce a — Kjn . . . . (5) 


(Rgy), and (R,,), solubilities must be referred to the 
same temperature and pressure conditions. 

Secenov’s K, coefficients are functions of temperature 
and the nature of dissolved salts and gas. Thermodynamic 
considerations indicate that they are not functions of pres- 
sure. In the case of a reservoir brine in which dissolved salt 
is predominantly NaCl, it may be assumed: 


log 


dissolved solids (ppm) 
58,454 





Secenov’s coefficient values for methane and ethane, de- 
rived from authors’ studies, are shown on Fig. 11. Methane 
and ethane solubilities in distilled water, derived from same 
authors’ studies and extrapolated (for the pressure range 
they have not investigated) based upon the work of Culber- 
son and McKetta*:® and Namiot and Bondareva*® are 
shown in Fig. 12 and 13. 

In calculating B, and c,, correction factors due to dis- 
solved gas, we assume the brine to be gas saturated at the 
given pressure and temperature. We shall further assume 
the dissolved gas to be methane only. 

Formation volume factor correction. Taking into account 
results of the experience of Dodson and Standing, shown 
in Fig. 9, and Secenov’s equation, the correction (AB,)¢ » 
to be made on B,, to consider the influence of dissolved gas 
in brine, will be given by: 


(AB Jen = 1077 CBee «© - - © 


where (AB,),.. is the correction relative to distilled water, 
which is read, for given pressure anc temperature, on the 
chart of Fig. 9. K; is Secenov’s coefficient for methane, 
derived from the chart of Fig. 11. 


Example 

Calculate the FVF of a reservoir brine containing 
135,000 ppm of dissolved solids, assume the brine to be 
gas saturated at 120 F and 3500 psi. 

For brine without dissolved gas we have (see Fig. 2 and 
3): B,, (100,000 ppm, 120 F, 2844.7 psi) = 1.0036; B,,, 
(100,000 ppm, 120 F, 4267.0 psi) = 1.0000; B,,, (200,000 
ppm, 120 F, 2844.7 psi) = 1.0076; and B,,, (200,000 ppm, 
120 F, 4267.0 psi) = 1.0046. 

Linearly interpolating for pressure and salinity, B,, 
(135,000 ppm, 120 F, 3500 psi) = 1.0034. From Fig. 9, 
(A,By)¢o (120 F, 3000 psi) = 0.0055, and (A,By)¢.o 
(120 F, 4000 psi) = 0.0069. Therefore, (AB,), . (120 F, 
3500 psi) = 0.0062. 

Besides, n = 135,000/58,454 = 2.31, and (see Fig. 11), 
K, (C,, 120 F) = 0.1245. 

Therefore, (AB,,), , (135,000 ppm, 120 F, 3500 psi) = 
0.0062 x 10°°-1245x2.31 — (),0032. 

Then, B,, (135,000 ppm, 120 F, 3500 psi, dissolved gas) 
= 1.0034 + 0.0032 = 1.0066 bbl/bbl. 

Compressibility correction. Taking into account the re- 
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suits obtained by Dodson and Standing (see Fig. 10) and 
Equations 4 and 5, the compressibility (c,,),, of a reservoir 
brine, saturated with gas, can be calculated through the 
equation: 


(Cwen = (Cwlon Ll + 0.0088 > 


10 “ (Rew) ol 
(7) 


The value of (cy), can be derived from charts of Fig. 
5, 6, 7 and 8. (R,,), values for methane and ethane are 
shown on Fig. 12 and 13. 

For a rather approximate calculation, it can reasonably 
be assumed that dissolved gas consists of methane only, 
and the corresponding charts of (R,,), and K, apply. 


How to Calculate Compressibility Correction 

Calculate the isothermal compressibility (c,,), , of a gas 
saturated brine as referred to in the foregoing example. 

For brine without dissolved gas (see Fig. 6 and 7): 
Cw, (100,000 ppm, 120 F, 2844.7 psi) = 2.41x10° psi°; 
Cy, (100,000 ppm, 120 F, 4267.0 psi) = 2.34x10° psi’; 
Cys (200,000 ppm, 120 F, 2844.7 psi) = 2.14x10° psi"; 
and c,, (200,000 ppm, 120 F, 4267.0 psi) = 2.10x10° 
psi. 

By linear interpolation, (cy), , (135,000 ppm, 120 F, 
3500 psi) 2.29x10°° psi? 

From Fig. 12, (Rsy). (120 F, 3500 psi) = 18.2 cu ft 
per bbl. 

Applying Equation 7, (cy), , (135,000 ppm, 120 F, 
3500 psi, dissolved gas) = 2.29 (1 0.0088x10-°:2245x2.31 
X18.2).10°° = 2.48x10° psi. 
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Nomenclature 

Cwa = water or brine average compressibility, 

psi*. 

compressibility of degassed distilled water, 

psi. 

(Cw)o,n = compressibility of a brine containing n 
gram-equivalents of dissolved solids, psi” 

(Cw) go = compressibility of distilled water, with gas 
in solution, psi“. 

(Cw)g.n = compressibility of a brine containing n 
gram-equivalents of dissolved solids and 
gas in solution, psi"*. 

K, = Secenov’s coefficient, dimensionless. 
n= concentration of dissolved solids, gram- 
equivalents per liter. 

gas solubility in distilled water, cu ft per 

bbl. 

gas solubility in a brine containing n gram- 

equivalents of dissolved solids, cu ft per 

bbl. 

B, correction for distilled water, when 

saturated with gas, dimensionless. 

B, correction for a brine containing n 

gram-equivalents per liter of dissolved 

solids and saturated with gas, dimension- 
less. 


(Cwloo = 


(Rew) o 


(Rew). = 


(ABy) go = 


(ABy) ¢ n = 


For other symbol definitions, see Symbol List in Trans. 
AIME (1956) 207, 363. 
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sults obtained by Dodson and Standing (see Fig. 10) and 
Equations 4 and 5, the compressibility (c,),, of a reservoir 
brine, saturated with gas, can be calculated through the 
equation: 


(Cwien = (Cy) o,n [1 + 0.0088 » 10%," (Rew) o 
Or nie COS bas, 


The value of (cy).,, can be derived from charts of Fig. 
5, 6, 7 and 8. (R,,), values for methane and ethane are 
shown on Fig. 12 and 13. 

For a rather approximate calculation, it can reasonably 
be assumed that dissolved gas consists of methane only, 
and the corresponding charts of (R,,), and K, apply. 


How to Calculate Compressibility Correction 

Calculate the isothermal compressibility (c,,), , of a gas 
saturated brine as referred to in the foregoing example. 

For brine without dissolved gas (see Fig. 6 and 7): 
Cy, (100,000 ppm, 120 F, 2844.7 psi) = 2.41x10° psi”; 
Cy, (100,000 ppm, 120 F, 4267.0 psi) = 2.34x10° psi’; 
Cw, (200,000 ppm, 120 F, 2844.7 psi) = 2.14x10° psi’; 
and cy, (200,000 ppm, 120 F, 4267.0 psi) = 2.10x10° 
psi? 

By linear interpolation, (cy), , (135,000 ppm, 120 F, 
3500 psi) = 2.29x10° psi'. 

From Fig. 12, (R,y). (120 F, 3500 psi) 
per bbl. 

Applying Equation 7, (Cy), , (135,000 ppm, 120 F, 
3500 psi, dissolved gas) = 2.29 (1 + 0.0088x10-°:1245*2.51 
x18.2).10°° = 2.48x10° psi” 


18.2 cu ft 
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Nomenclature 

water or brine average compressibility, 

psi’. 

compressibility of degassed distilled water, 

psi?. 

(Cwo,n = compressibility of a brine containing n 
gram-equivalents of dissolved solids, psi’. 

(Cw) go = compressibility of distilled water, with gas 
in solution, psi*. 

(Cw)gn = compressibility of a brine containing n 
gram-equivalents of dissolved solids and 
gas in solution, psi*. 

K, Secenov’s coefficient, dimensionless. 
n= concentration of dissolved solids, gram- 
equivalents per liter. 

gas solubility in distilled water, cu ft per 

bbl. 

gas solubility in a brine containing n gram- 

equivalents of dissolved solids, cu ft per 

bbl. 

(ABy)¢.o = By correction for distilled water, when 

saturated with gas, dimensionless. 

B, correction for a brine containing n 

gram-equivalents per liter of dissolved 

solids and saturated with gas, dimension- 
less. 


Cwa 


(Cwo,o = 


(Rew) o = 


(Rew) a — 


(ABy) ¢.n —_ 


For other symbol definitions, see Symbol List in Trans. 
AIME (1956) 207, 363. 
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PIRSON, The University of Texas, Austin, Texas 


FRASER, Mobil Oil Company, Midland, Texas 


can tell you if the reservoir rock is water-wet 
Quantitative interpretation for one does not apply 
Here’s a new method to interpret accurately for 


on oil-wet formations. 


a well can be recognized on electric 
interpreted. Although most oil-pro- 
re water-wet, the same interpretive pro- 
‘ly when the zone is oil-wet. 
| fundamental reasoning formed the 
in oil-wet interpretation procedure to 
ntitative reservoir data. Scope of the 
les estimates of absolute and relative 
edictions of well productivity in terms 
| ratios and initial flow potential. 
ringer sand of Southern Oklahoma were 
dure. Resuits indicated that this sand 
ertain areas, Values derived from the 
| much more reasonable than those cal- 
procedures for water-wet rocks. Pre- 
vities were in good agreement with 
in most cases. While there is little 
conditions of in-situ rock wettability, 
believed to be best suited for analyzing 
haracteristics similar to those of the 


procedure available, the obvious step 
bility in field situations; consequently, a 
study was to choose a suitable reservoir 
) data. The Springer sand (Pennsylva- 
Oklahoma reportedly possesses char- 
vet rock in certain areas. Interpreters 
agreement between water saturations 
ic logs and values determined from 
ements.’*? Also, this sand has been 
ily water from zones in which normal 
ethods indicate connate-water satura- 
5% or less.* In a recent review of 
vell completion difficulties due to the 
lity to water damage, it was concluded 
and must be at least partially oil-wet in 
Based on this evidence, the Springer for- 
to provide a suitable test for the pro- 
pretation procedure.” 


Quantitative Interpretation of Electric Logs 
| Procedure and Example Applications” and 


), in Denver, Colorado, October 2-5, 1960. 


Basic Theory of Method 

The following concepts form a basis for interpreting oil- 
wet reservoirs?: 
1. The Archie saturation equation is written: 


ee ye owe 2 


where n exceeds the usual value of two by an amount which 
depends on the degree of oil-wetness. 

2. The relationship used to calculate the formation factor 
from flushed-zone measurements becomes: 


F = (S,.)” (R,./Rmr) . . . . . 
where n assumes the same value used in Equation 1. 


3. Formation factors can be calculated from invaded-zone 
measurements, with a mixing factor (z) of zero, through 
use of the relation, 


YS ee a 6) 


4. Connate-water saturations can also be calculated with the 
Tixier (RM) method provided the following changes are 
made. 


oe klk ee ole ee ss 

ee Meee x toc lse. ke og ee oO 

eee Masters. « «0 2 6 ce ee e 
to arrive at a final equation: 

S, = (R,/R,)*?’"**) (R,/Rae)/™ . 2. OT) 


5. Relative permeability relations, derived for water-wet 
formations, have to be re-arranged so that oil assumes the 
position of the wetting phase. The following relations result: 
Wetting phase: 


Oe 6 


Non-wetting phase: 


| = os " et a. | . . . (9) 


= (1 ned a [1 aaa (S...)** (S,) 2/2}? . . (10) 
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where Equation 9 is for flow in the imbibition direction and 
Equation 10 is for flow in the drainage direction. 


6. Both the mobile oil saturation and the trapped water 
saturation enter into the calculation of relative permeabili- 
ties. These values can be estimated from the following 
equations. 


= (—G,)/(1—G,) . . ~ « « « « GEE) 


1 
~~ 6 (1 —S,q) 


= 1 (Rune oe ee (12) 


This theory is based on two distinct premises. First, if the 
wettability of a rock changes from hydrophilic to hydro- 
phobic by some degree, the appropriate saturation expo- 
nent (n) in the Archie equation will assume some new value, 
greater than two, the magnitude of which will depend on the 
degree of oil-wetness. Keller, in 1953, supplied the experi- 
mental basis for this statement.® Keller discusses the 
problem as follows: “For the same water saturation, the 
resistivity of a rock can vary a thousandfold for different 
wetting conditions. This factor must be taken into account 
in the interpretation of resistivity logs in reservoirs where 
the reservoir rock is believed to be oil-wetted.” 

By varying the wettability of cores from the Third Brad- 
ford sand, Keller showed that the saturation exponent 
ranged from 1.5 to 11.7; consequently, the first premise is 
substantiated by laboratory data. 

The second basic premise supporting this oil-wet theory 
has not been studied experimentally. It is reasonable to 
believe that invasion of a totally oil-wet sand by mud filtrate 
will tend to displace completely all connate water ahead 
of the invading fluid. This displacement process is facili- 
tated by the fact that water tends to occupy the center of 
the pore spaces. Depth of displacement will be proportional 
to the volume of filtrate involved, the amount of residual oil 
present, and the porosity. 

If this concept is correct, resistivities of the flushed and 
invaded zones should be equivalent (R,, = R,), and the 
fluids present will consist of mud filtrate and residual oil 
only; i.e. water saturation should be equal to one minus the 
residual oil saturation (S,, = S,,; = 1 —S,,). The relations 
evidenced in equations 2, 3, and 7 are dependent on this 
concept. Partial oil-wetness and a displaced connate-water 
band or annulus effect may cause departures from such 
reasoning. 


How to Recognize an Oil-Wet Zone 

Since one will probably be dealing with partially rather 
than totally oil-wet cases, recognition of the situation from 
electric logs is circumstantial. Unless the formation is totally 
oil-wet and connate-water saturation has reached an insular 
distribution, resistivity curves will not provide direct evi- 
dence of oil-wetness. True resistivity in this one case should 
be infinite after proper departure-curve correction. 

Indirectly, oii-wetness can be suspected when standard 
determinatio.. of porosity and water saturation from an 
electric log show typical discrepancies. Considering log 
interpretation calculations in the usual order, porosity dif- 
ferences provide the first evidence of an oil-wet system. 
Typically, flushed and invaded-zone methods of porosity 
determination yield values which do not check each other 
with reasonable accuracy and which are suspiciously low 
when compared to porosities from core analysis, radio- 
activity logs, and sonic logs. 

Calculated connate-water saturations of a conspicuously 
low magnitude lead an interpreter to classify a formation as 
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evidencing some degree of oil-wetness. Obviously, this is 
left to the interpreter’s judgment and is direct evidence of 
the problem’s circumstantial nature. Physical information, 
such as imbibition tests or valid relative permeability curves, 
should be employed as corroborating evidence whenever 
possible. 


INTERPRETATION PROCEDURE 


Once the decision has been made to classify a formation 
as oil-wet, certain aspects of this approach must be modified 
to incorporate the previously discussed oil-wet relations. The 
procedure which results was applied, where deemed appro- 
priate, to logs from nine wells completed in the Springer 
sand.® A few points of interest concerning this procedure 
will be discussed before considering two of the examples in 
detail. 


Determination of Connate-Water Resistivity 
Evaluation of the formation water resistivity under reser- 
voir conditions is an important step in any electric log inter- 
pretation. Normally, this variable can be calculated from the 
SP curve after proper corrections for bed thickness and 
resistivity effects; however, an attempt is usually made to 
check results against resistivity values measured on repre- 
sentative water samples.’ Wettability variations should not 
alter the validity of calculations from the SP deflection. 


Determination of Formation Porosity 


Calculation of the average formation porosity is the next 
step. Comparisons between micro-tool, short normal, and 
core-analysis porosities may show a serious lack of agree- 
ment in an oil-wet zone. 

To overcome this difficulty, an attempt was made to de- 
termine porosity from radioactivity logs. Such calculations 
are reasonably accurate in carbonate reservoirs. However, 
the presence of shale reduces the applicability of neutron 
measurements in sandstones. An empirical method has been 
proposed by which allowance can be made for the shale 
effect.* This empirical technique was employed in this study. 
A final choice for porosity is usually made by comparing 
results from all available methods. In the oil-wet cases 
studied, neutron-derived values gave the only good check 
of core-analysis data. 


Connate-Water Saturation 


Once a porosity value has been set, determination of the 
connate-water saturation can be attempted. This is the point 
at which the interpretation procedure will vary most mark- 
edly from a water-wet solution because another unknown, 
the saturation exponent, has been added. Two approaches 
were employed in attempting to evaluate this additional 
unknown. 

First, each of the variables in equations 2 and 3 can be 
determined except for the saturation exponent. In this study, 
the formation factor was related to porosity by the Humble 
formula (F = 0.62¢**°). Likewise, the flushed and in- 
vaded-zone resistivities are usually available from micro- 
tools and short-spaced normals, respectively. Once these 
factors are known, the saturation exponent can be calculated 
directly from either equation and, as theorized, each equa- 
tion should yield the same value. 

The second approach consists of solving the Archie and 
modified Tixier equations for connate-water saturation at 
various values of the saturation exponent. By plotting the 
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results and choosing the intersection, a value for the un- 
knowns be determined. Comparison of these results 
with the saturation exponent from the first method provides 
a means of establishing the correct connate-water saturation. 


Estimating Absolute and Relative Permeability 
Well productivity predictions were based entirely on 
parameters calculated from the logs. Data such as the abso- 
lute perme ies reported in core analyses were used only 
for purposes of comparison. 
Three different correlations were used to estimate the 
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FIG. 1. Conventional electric and radioactivity logs of 
Well F located in the Southeast Bradley field of Oklahoma. 
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absolute permeability. These are classified as empirical 
relations between the square of tortuosity (t? = Fg) and 
permeability, the irreducible wetting-phase saturation and 
permeability, and resistivity gradient and permeability.® 
The resistivity-gradient method may be used only when the 
gradient is due to capillary forces in a water-wet transition 
zone from water to oil; consequently, this relation will not 
apply when the gradient is due to lithology or wettability 
changes. 

Relative permeabilities were calculated from the relations 
discussed previously as equations 8, 9, and 10. Derivation of 
these equations for water-wet rocks and discussion of prac- 
tical application can be found in the literature.® Indications 
were that the Springer producing mechanism is predomi- 
nantly solution-gas drive for the cases studied; therefore, 
relative permeability to the non-wetting phase was calcu- 
lated for flow in the imbibition direction. One unknown, the 
trapped non-wetting phase saturation, was quite difficult to 
evaluate. Solution of Equation 12 did not yield reasonable 
results; so, a value of 15% for the trapped non-wetting phase 
saturation was assumed in all cases. 


Predicted Well Productivity 


These predictions were divided into water-oil ratio and 
open-hole completion flow-potential calculations. Solutions 
of the following equations were made: 


WOR = B, + Mo in bbl/bbl. . . (13) 


ro /Lw 


3.07 k, hAP 
Bopo log I./Tw 


a= in bbl/day 


(14) 


Obviously, all of the variables involved can not be derived 
from an electric log. Fluid properties were estimated using 
empirical methods discussed by Calhoun and Pirson, and 
40-acre drainage with a drawdown of 500 psi was as- 
sumed. ® 2° 


EXAMPLE APPLICATIONS 


Logs and interpretation results from two Springer wells 
will be presented here. All of the zones studied did not 
possess oil-wet characteristics. Variations ranging from to- 
tally water-wet to what was considered as strongly oil-wet 
were encountered.® The final test of the interpretation 
method was made by comparing actual vs predicted well 
productivities. Complete details of the procedure followed 
can be found in appropriate tables. 


The Case of Well F 


The log of Well F, located in the Southeast Bradley field, 
is shown in Fig. 1. The Springer sand in Well F appears to 
be more strongly hydrophobic than any other example 
studied. This is evidenced most graphically by the 3.6% 
water saturation calculated from the Archie equation using 
a standard solution (n = 2). In addition, micro-tool and 
short-normal porosities of 11.8 and 8%, respectively, do 
not check each other or the core-analysis and neutron-log 
values of 18 and 18.6%. These results make the use of an 
oil-wet interpretation procedure mandatory. 

Saturation exponents were calculated using both R,, and 
R,, and values of 2.9 and 2.4 resulted. Similarly, solution of 
the modified Tixier equation and comparison of the results 
with values from the Archie equation gives an intersection 
at a saturation exponent of 3.1. A plot of this solution is 
presented in Fig. 2. 
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A final choice of n = 3.0 was made, and the calculated 
water saturation is 11%. Since this value is less than the 
assumed trapped non-wetting phase saturation, it is evi- 
dent that flow in the imbibition direction will yield a zero 
water cut. Actual results show that Well F was completed 
with a flowing potential of 262 bbl of oil per day in March 
1954, and produced no water through December 1956. The 
flow potential predicted from log analysis is 315 bbl of oil 
per day. 

Another point of interest may be made concerning Well 
F. The lateral curve in the lower portion of the formation 
exhibits a marked resistivity gradient. This gradient was 
used to estimate absolute permeability, and the result ex- 
ceeds 1 darcy. Other methods indicate that the permeability 
should fall between 18 and 38 md, and a final choice of 
24 md was made. It must be concluded that this resistivity 
gradient is due to variations in lithology and wettability; 
consequently, the gradient method cannot be used to esti- 
mate absolute permeability. Interpretation details are shown 
in Table 2 


Table 1. 


Well (Bas) 20 Sxo Ri/Rx n SuslGe Bes (Sor): 
F 40% 60% 1.5 2.9 1.15 52% 48% 
G 30%** 70% 0.46 —2.3* 1.4* - — 


*Calculated from Equation 17; ** Assumed. 
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FIG. 2. Saturation exponent for zone in Well F is solved by 
plotting calculated water saturation vs saturation exponent 
by the Archie and modified Tixier equations. 


Table 2. Interpretation Results of Electric Lew in the Seutenee: Sand Section 
of Well F in the Southeast Bradley Field of Grady County, Oklahoma. 


General iteenddion 
. Schlumberger log. 2. Interval—9264-9370 ft. 3. H = 106 ft. 
h = 90 ft (Microlog). 5. d=9 in. 6. BHT = 164 F @ 
,115 ft. 7. te = 157 F @ 9300 ft. 8. Ru = 0.72 ohm-m @ te. 
; Rm = 0.54 ohm-m. 10. Rme = 0.08 ohm-m. 


Determination of R,, 


1. ASP = —74 mv. 2. SSP = —74 mv. 3. Rme/Rw = 8.3.4. Rw = 
0.065 ohm-m. 5. Salinity = 49,000 ppm equiv. NaCl. 


Determination of R, and R, 

a. Rio. = 1300 ohm-m. 
2. Ris» = 75 ohm-m., 3. Res = 300 ohm-m. 
4. Departure Curves: 

(a) Sch. B-2: R:/Rm = 1700. R:/Rm = 160. 

(b) Sch. Doc. 3: Normals — no fit. 

Lateral — R:/Rm = 1000. 

(c) Two Normal: no fit. 

. Final Values: R, = 1200 ohm-m; R; = 115 ohm-m. 


Determination of Porosity 
. Microlog: 
Interval Rixa 

(ohm-m) Rxo/Rmt 
180 
80 
120 
180 
180 
80 
160 
150 
80 

= 30%. 


(ohm-m) 


oo oo 


-ABIAAAAIM 
SUAww 


wa 


Hydraulic Pad; Sor 
dave = 11.8%; eo = 16 Poms m. 


. Short normal: ¢ = 8%. 

. Tixier RM: ¢=7?; Sw = much less than 7%. 

. Neutron Log: ¢ = 18.6% (Same method as used for Well G; 
calculations not shown.) 

. Core analysis: ¢ = 18%. 

. Final Values: ¢ = 18.6%; 
Rx. = 76 ohm-m. 


F=24, S..-= 40%; 


Determination of S... 


. Archie Equation: 
(a) Calculating n: 
(1) (S..)* = = F Rmt/Rxo} 
“ ) } Bas)? = F Rene/Ras; 


Sxo = Sx1 = (1 — ROS) = 0.69 
n = 2.9. 
n = 2.4. 
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. Final Values: Sw. = 11%; 


. Tortuosity: 
. Pirson—Fig. 5: Sor = 40; 
. Sch. E-4: S.r = 40%; 
. Sch. E-2: 
5. Core analysis: 
. Final Values: 


. Wetting phase: S.. — 0.82; 
2. Non-wetting phase: 


(b) Calculating Sw: 





5 


2.0 
2.5 
3.0 
3.5 
4.0 
4.5 
5.0 


. Modified Tixier Equation: 


S~ (using R:/R:) 


5 


Ah RY wNN 
ouowouo 
NINAS A 
COAeC~]—N 


WwNN 


- 


a=5 


= 


Determination of Permeability 
t?=—4.5; k= 38 md. 
k = 18 md. 
k = 24 md. 
k exceeds one darcy. 

kn = 522 md; ~ = 317 md. 
k=24md; S..=— 40%. 


Determination of Relative Permeabilities 
k. = 0.54. 
S.we = 15%; ke = 0. 


Well Productivity 


. Fluid properties: oil gravity = 39 deg API. 
GO 


R = 500 ft®/bbl. 


B.= 14; u.=O06cp; uw = 0.4 op. 


2. Water-oil ratio: WOR = 0. 


3. Open-hole completion flow potential: 


. Date completed: 
. Initial Production: Q, = 
. Present water production: Q = = = 0 through Dec. 


Q. = 315 bbl per day. 


Comparison Data 
3-23-54. 
Q. = 0. 
1956. 


262 bbl per day; 
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FIG. 3. Electric log of a wildcat well drilled in Grady 
County, Oklahoma, to test the Springer sand at 10,600 ft. 


The Case of Well G 

Logs of Well G are shown in Fig. 3. This well, a wildcat 
drilled in Grady County, Oklahoma, tested the Springer sand 
at 10,600 ft. Qualitatively, the logging surveys indicate an 
oil-prodi and quantitative analysis using the 
standard et techniques” corroborates this interpre- 
tation as eV -d by the following: S, = 30%; ¢ = 11%; 
and predicted WOR 0.05. 

itiny, two factors are noted which create 
ing this analysis. First, the Springer sand 
bit oil-wet characteristics in this region 
(Well I |, calculated porosities are low enough to 
be quest Unfortunately, the normally adequate 
logging p! m run in Well G fails to provide a means 

porosity in an oil-wet rock. This is true 

ilculations from both the short normal 
depend on being able to establish a satura- 
Data from a core analysis, a neutron log, a 
n acoustical velocity survey are needed to 
allow solutior Equation 2 for the unknown exponent. 
Data of this type were not available. 

To resolve indeterminations of this sort, an empirical 
approach iggested. Retaining the assumption that the 
water phase of the invaded and flushed zones consists of 
mud filtrat ily but conceding the probability of an in- 
creasing residual oil saturation going from the flushed to 
n an oil sand, the following derivation can 


Under closer 
suspicion 


is knowr 


for determ 
because f 

and the m 
tion expon 


densit\ 


the invaded 
be mad 


(1 —Sor)"zo = FRmt/Reo - - (15) 


(1 —Soe)® =F Rmt/Ri . . . (16) 


and divid ation 15 by 16 to obtain 


R./R (17) 


xo * 


making judicious guess for the ratio (S,,/S,;), 


Equation e solved for the saturation exponent. To 
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establish a guide for this guess, data from Well F were 
entered into Equation 17, and S,;, the only unknown, was 
calculated. Results of this calculation and an attempt to 
use the method to calculate the saturation exponent for Well 
G are shown in Table 1. 


The data in Table 1 indicate that: 


1. The assumption (S,,)xo = (Sor); is only slightly in 
error for the oil-wet and oil-productive zones found in 
Well F. 


2. A ridiculous value for the saturation exponent is cal- 
culated for Well G using the (S,,/S,;) ratio found for Well 
F. This result suggests that the Springer sand in Weil G may 
contain considerable interstitial water. 


It was decided to assume that the sands in Wells F and G 
possess similar wettability characteristics, and the logs of 
Well G were interpreted by the “oil-wet technique” using 
n = 3. As a result, the predicted water cut is 90% and the 
calculated water saturation is 45%. Actually, Well G was 
plugged and abandoned after a drill-stem test of the 
Springer sand recovered 4680 ft of salt water. Complete 
details of the interpretation are shown in Table 3. 


FACTORS TO CONSIDER 


Porosity determination from logging measurements in the 
flushed and invaded zones must be used with caution in a 
formation such as the Springer sand because values are 
doubtful if the zone is partially oil-wet. Without a good 
porosity figure, the interpretation procedure fails in an oil- 
wet rock because there can be no unique approach to cal- 
culation of the saturation exponent, i.e. solution of Equation 
2 or Equation 3. Measurements other than electrical should 
be incorporated, and use of radioactivity, velocity, density, 
or core measurements is desirable. This effect can be 
observed by noting the results reported for the oil-wet cases 
studied. 

A possible deviation from the theory itself was indicated 
by the interpretation results. It is evident that the flushed 
and invaded-zone resistivities, as measured from micro-tools 
and the short normal, were not equivalent (R,,, = R,). This 
does not necessarily destroy the premise that they should be 
equal in a totally oil-wet reservoir. In many cases, the diam- 
eter of invasion is not large enough to prevent short spaced 
normals from being influenced by true resistivity. This effect 
is due to instrumentation and well problems; consequently, 
applicability of the theory, but not necessarily its validity, 
may be limited. 

Two effects could cause physical deviation from the 
proposed equivalence of the flushed and invaded-zone re- 
sistivities. These are partial wettability and the effect of a 
displaced connate-water band. 

Considering the former, partial or mixed wettability 
would not allow complete displacement of the bound con- 
nate water from the invaded zone. Likewise, the amount 
of residual oil remaining in the flushed zone would be less 
than for a totally oil-wet case. One might suspect that the 
ratio between flushed and invaded-zone resistivities could 
vary from one with a range depending on the degree of 
wettability. For a more exact solution to the problem, a 
mixing factor would have to be defined, and the previous 
choice of z = 0 may be incorrect. The magnitude of this 
effect is virtually impossible to ascertain from field con- 
siderations. 

Connate water displaced ahead of the invading mud fil- 
trate could affect the invaded-zone resistivity by forming a 
band of sudden water-resistivity change. It is proposed that 
this would be more important in a totally oil-wet system than 
in a system showing intermediate wettability. The effect 


THE PETROLEUM ENGINEER, July, 1961 





Table 3. Interpretation Results of Electric Logs in the Springer Sand of a Wildcat Well Drilled in Grady County, Oklahoma. 





General Information 
1. Schlumberger log. 2. Interval—10,600 to 10,656 ft. 3. H= 
56 ft. 4. h= 56 ft (microlog). 5. d= 9 in. 6. BHT = 202 F 
@ 10,800 ft. 7. ic — 195 F @ 10,625 ft. 8. Ru = 0.42 ohm-m 
@ te (mud pit sample). 9. Ru = 0.5 ohm-m @ tr (Microlog with 
sonde collapsed). 10. Rmr=0.38 ohm-m. 11. Rme = 0.75 
ohm-m. 


Determination of R,, 
2. SSP= —85 mv. 3. Rme/Rw = 10. 
5. Salinity = 70,000 ppm equiv. NaCl. 


. ASP = — 85 mv. 
. Rw = 0.04 ohm-m. 


Determination of R, and R; 
- Rio = 45 ohm-m. 2. Ries = 25 ohm-m. 3. Rea = 35 ohm-m. 
. Departure curves: (a) Sch. B-2: Ri/Rm = 65; Ri/Rm = 60. 
(b) Sch. Doc. 7: Ri/Rm = 51; 
Rz/ Rm = 65. 
. Final Values: Rt = 33 ohm-m; R; = 26 ohm-m. 


Determination of Porosity 
. Microlog: Rix: = 1.5 ohm-m; R:z, = 2.7 ohm-m; 
Rxo/Rmet = 148. 
Hydraulic pad; eme = % in. 
Sue 0; 6=8%6% or Sir 30Q; 
. Short Normal: S..=0; ¢=9% or 
¢= 13%. 
. Tixier RM: Sy = 12.5%; ¢?= 25%. 
. Final Values: Rx. = 56 ohm-m; 
S..=0; ¢=8%; F=—140. 
Ser = 30%; 6= 11%; F=73. 


¢= 11%. 


Sor = 30%; 


Determination of Water Saturation 
. Archie Equation: 
(a) Water wet: n = 2; 
S-—-0;: S.—41%. 
Sor = 30%: Sw = 30%. 
(b) Oil-wet: n= 3 (assumed same degree of wettability as 
in Wells E and F). 


would not be too serious for most practical considerations. 
Basis for this reasoning lies in the fact that irreducible con- 
nate water would be held in the invaded zone of an inter- 
mediate system, and the change in water resistivity would be 
spread over a greater distance. 

Note must be taken of the fact that the flushed-zone equa- 
tion (S,," = F Ry;-/R,,) should not be affected by lack of 
equivalence between the invaded and flushed-zone resistivi- 
ties. Provided an accurate porosity value can be determined, 
this equation is solvable for the saturation exponent. 

The question now arises as to why solution of the modi- 
fied Tixier equation checked the saturation exponent from 
the flushed-zone equation in Well F. The answer probably 
lies in consideration of the ratios R;/R, and R,,/R,,». Since 
the invaded-zone resistivity may be too large when read 
from the short normal, the ratio R,/R, will in turn be too 
large. Likewise, the mud filtrate resistivity should probably 
be replaced by a mixed water-resistivity value (R,), and 
the second ratio tends to be too small. These two errors 
compensate, and apparently valid results obtain. This is 
fortunate since a mixing factor would be expected to vary 
with the degree of wettability, and solution of the problem 
would be very difficult. 


Further Study Needed 

Laboratory investigation of the problem may lead to a 
better method of solution because the application of field 
data includes far too many variables. Despite various uncer- 
tainties, use of the proposed oil-wet theory yielded prac- 
tical comparisons with actual well productivities for those 
cases in which its use was deemed necessary. 


THE PETROLEUM ENGINEER, July, 196] 


Sos = 0; Se — 55% . 

S., = 300%; Se = 45%. 
. Final Values: n = 2 (water-wet); Sw — 30%. 
n= 3 (oil-wet); Sw — 45%. 


Determination of Permeability 
. Tortuosity: t? = 8; K = less than 1 md. 
. Pirson—Fig. 5: (a) assume Sw: = 20%; 
k= 8 md (water-wet). 
(b) assume S., = 30%; 
k = 3 md (oil-wet). 
. Sch. E-4; (a) Swi = 20%; K = 2.5 md (water-wet). 
(b) Sor =30%; k=1 md. 
4. Sch. -E-2: k = greater than one darcy. 
. Final Value: k = 3 md. 


Determination of Relative Permeabilities 
. Wetting phase: 
(a) Water-wet—Sym — 0.125; krw = 0.0095. 
(b) Oil-wet—S.om = 0.36; kro = 0.12. 
. Non-wetting phase: 


(a) Water-wet—S.iw: = 15%; kro ).4, 


= 
(b) Oil-wet—-Siwe = 15%; krw = 0.3. 


Well Productivity 
. Fluid properties: 
Oil gravity = 39 deg API; GOR = 500 ft*/bbl; 
B= 14; u=O6 cp; ue — 04 cp. 
. Water-oil ratio: 
(a) Water-wet—WOR = 0.05 bbl/bbI. 
(b) Oil-wet—WOR = 5 bbl/bbl. 
. Open-hole completion flow potential: 
(a) Water-wet—Q, = 42 bbl of oil per day. 
(b) Oil-wet—Q, = 13 bbl of oil per day. 


Comparison Data 


_ Well was plugged and abandoned. Drillstem test from the 
Springer sand recovered 4680 ft of salt water and no oil. 


Nomenclature 
S 


a 
S,; — water saturation in the invaded zone 
Som — mobile oil saturation 


S.; — irreducible oil saturation 
Siwt — trapped non-wetting phase saturation 


— water saturation in the flushed zone 
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Simple Jet Pump 
Backweashes Waterplant Filters 


JAMES N. McCOY, JOEL C. KIESTER, Wichita Falls, Texas 


4 VERY SIMI 


for backw 
The high pr 
the injection 
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E and inexpensive jet pump can be used 
filters in practically all waterflood plants. 
relatively low volume discharge from 

s is used to feed a jet nozzle, which pro- 
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Jet Nozzle 
centered in the pipe and is held by a 
lar (Fig. 2). The nozzle holder is then 
rd 45-deg elbow joint with grooved ends 
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increased by installing a jet guide 
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the jet nozzle before installing the nozzle, 
annel for the discharge water to follow 
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Operating 
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the following operating suggestions should 
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Suggestions 


too great: 
alve to throttle water flowing into jet 


ler jet nozzle to prevent unintentionally 
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is too slow: 
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: é ; FROM WATER INJECTION PUMPS 


FIG. |. Typical jet pump installation in a backwash system. 
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174 IN. 
COLLAR 


FIG. 2. Jet nozzle with collar and plug. 


95 DEGREE 
ELBOW JOINT 


172 IN. X GIN. 
NIPPLE 


COLL 
(FOR ATTACHING 
JET NOZZLE 
SHOWN IN FI/G.2) 





172 IN. COLLAR 


FIG. 3. Nozzle holder installed in a standard 45° elbow joint 
with grooved ends. 


1172 IN. X 6 IN. 


THINWALL NIPPLE = {78 IN SUPPORT 
VANES 








1/4 IN. PIPE 
COLLAR 
BORED TO 
0.545 IN LD. 











SIDE VIEW END VIEW 


FIG. 4. Jet guide with pipe collar for attachment. 








a. Enlarge size of hole in jet to increase velocity flow 
rate. 
b. And/or install jet guide. 


. And plant pressure does drop appreciably 
a. Reduce size of hole in jet nozzle to obtain a greater 
velocity discharge rate. 
b. Or direct more water to jet nozzle by restricting 
water going to input well. 
. Or install jet guide (possibly in addition to 2a 
and 2b). xk & 


THE PETROLEUM ENGINEER, July, 196] 





ricleltiersts Mile) (-m-3p4- 


complicates casing 


HYDRIL BE | ovosram? 


CASING JOINTS 


HYDRIL ‘“‘FJ"’ casing can be sub 
stituted for API collared casing to 
complete the well as planned, ‘‘FJ”’ 
flush joint approximates tensile 
strength of API collared joints. Seals 
like a plug valve, shoulders like a 
tool joint. High torque strength... 
stays made up in the hole 





Maximum safety Extra heavy loads, 
TO | extra high 


space? pressures ? 


HYDRIL TRIPLESEAL® eliminates 
casing collars, permits setting 
larger size oil string. Stronger than 
API joints. Three high-pressure 
seals... center shoulder seals and 
alone holds full API rated internal 
yield pressure of the pipe! 





For more detailed information on 


High joint strength, these casing joints and other 
JS AZelulmcepelteen(celmmee ele (ame yolelapelcctes ti 


long combination Hydril representative, or write 


sation 2k HYDRIL COMPANY 


714 West Olympic Boulevard, Los Angeles 15, California 
Fattories at: Los Angeles; Houston, Texas; Rodhester, Pa. 





SALES OFFICES 
California: Bakersfield, Los Angeles, Ventura 
Louisiana: Harvey, Lafayette, New Iberia, Shreveport 


Oklahoma: Oklahoma City, Tulsa * Pennsylvania: Rochester 
Texas: Corpus Christi, Dallas, Houston, Midland, Odessa 


Wyoming: Casper - New York: New York + Canada: Calgary, Edmonton 





DRILL PIPE ...CASING...OR TUBING...YOUR BEST CONNECTION IS HYDRIL! 
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In waterflooding... 


BIG-CAPACITY PUMPS SOLVE 
EXCESSIVE WATER PROBLEM 


MIKE 


RILEY, 


Superintendent 


very Division, Ambassador Oil Corporation, Fort Worth, Texas 
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FIG. |. Big-capacity pumping costs for conventional beam pumping, submerged centrifugal 
pumping and so-called hydraulic engine pumping. Curve at top shows comparative initial 


costs; at bottom are lifting costs for the three type pumping methods. 


THE PETROLEUM ENGINEER, July, 1967 














) Ae 


bap ‘ 
Y sa 


going 


~ 


} 


A =}, 
Resta «<f-* 


0 tary 


NER RY / 


ON see es 


L a competitive economy the customer is always king, because in such an economy 
he has a free choice of product. Competition for the king’s favor frequently results 
in a rat race to give more and more for less and less. This eventually results in 
operations without profit—business suicide. Business, unlike government, cannot 
go back to the customer and tax him to make up a deficit. Business cannot delude the 
customer into thinking he is getting something for nothing. 


To stay alive—to make a profit—in today’s fierce competition a successful business 
must figure out how to make and sell more products at less cost and still serve 
customers better. Oil companies have been integrating and streamlining operations 
as a part of their over-all effort to continue to make a profit. Baroid has done 
the same thing in unifying their operations. Such steps, when properly done, result 
in more efficiency and a reprieve from the threat of profitless operations. Continued 
attacks upon the profit system could result in abandonment of the research and 
development programs that give us tomorrow’s benefits, and abandonment, 


by default, of the free enterprise system. 


\ V. are all buyers just as we are sellers and if we try to get too much for too 
little we may suffer the fate of the farmer who tried to feed his cows colored 
sawdust—about the time he got them accustomed to the diet, they died .. . If 
you like your way of life and the tried and true American System— never let 


profit go out of style! 


© COPYRIGHT 1961 BAROID DIVISION NATIONAL LEAD COMPANY 
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BAROID—Still Pioneering Drilling Mud Research + Engineering + Marketing 

















available through your supply store 


BAKER 


PRIMARY 
CHMENTING 
HQUIPMENT 


Here are all the products needed for the first step 
toward profitable production. Look at the variety of 
Shoes and Collars...Baskets...Wall Scratchers... 
Casing Centralizers...in every type and size to meet 





your well conditions successfully and economically. 

Never before has your supply store been able to 
offer such a complete line of Practical and Depend- 
able BAKER Primary Cementing Tools! 

You get more than just a good cement job when 
you select the balanced combination of Baker 
Primary Cementing Equipment. For, whether yours 
is a routine cement job or a “problem” with weak 
porous zones which must be protected from danger- 
ous pressure surges—you'll get the job done right 
and preserve maximum productivity. 

Baker Primary Cementing Equipment is conven- 
iently available at your supply store, backed by the 
stocks in 64 Baker Branches. Over 400 Baker Serv- 
icemen stand ready to provide genuine help with 
your cementing problems, 


The only complete line of ow 
| Primary Cementing Equipment se . 


available through your ren: oo ie ie 
supply store. [TT []// [| | {| _ 














Differential 
Fill-Up Collar 
Product No. 1091 M&F 





Meta! Petal Basket, 
with Stop Rings 
Product No. 343 


Hinge-Lok Wall 
Scratcher, with 
4/1,” long wires 
Product No. 900-C 








Flexiflow 
Fill-Up Collar 


Fill-Up Collar 
Product No. 161 M&F 


Plain Hook-Up Nipple 
with Metal 

Petal Basket 

Product No. 330 


Hinge-Lok Wall 
Scratcher, with 
21,” long wires 
Product No. 900-C 


a Ae Te eS. 


ulating Flexiflow 


Cement Float Collar 
Product No. 101 M&F 


Product No. 161-D M&F 


Avoid welding... 
lock casing shoes 
and collars with 
BAKERLOK 
Thread-Locking 
Compound 
Product 050 


Solid-Ring Wall 
Scratcher, with 
41,” long wires 
Product No. 901-C 


— Ee 


{ 


Cement Baffle Collar, 
with Hole 
Product No. 104 M&F 


Solid-Ring Wal! 
Scratcher, with 
2,” long wires 
Product No. 901-C 


Cement Baffle Collar, 
Solid 
Product No. 105 M&F 


Hammer-Lok 

Stop Rings 

Product Nos. 

940-B (Solid) 

and 945-B (Hinged) 


Triplex 

Flapper Vaive 

Float Collar, 

Product No. 134 M&F 





Rotating 
Wall Scratcher 
Product No. 903 


“HN-15" Solid-Ring 
Casing Centralizer 
Product No. 908-HN 


“H-15" Hinge-Lok 
Casing Centralizer 
Product No. 9115 


Hinge-Lok Rigid 


Casing Centralizer 
“G-12"' Slim Hole 


Casing Centralizer 
Product No. 910-G 


“HN-20” Solid-Ring 
Casing Centralizer 
Product No. 908-HN 


“H-20" Hinge-Lok 
Casing Centralizer 
Product No. 9112 


“H-25" Hinge-Lok 
Casing Centralizer 
Product No. 9113 


Product No. 9133 
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Differential 
Fill-Up Shoe 
Product No. 1081 


Flexiflow 
Fill-Up Shoe 
Product No. 160 


Cement 
Float Shoe 
Product No. 100 


Cement Wash-Down 
Whirler Float Shoe 
Product No. 120 


Cement 
Bull Plug Shoe 
Product No. 103 


Cement Guide Shoe 
Product No. 102 








offset certain economic 
disadvantages of the 


pump, tend to 
or operational 
other units 

Table 1 presents the primary ad- 
vantages and disadvantages of each 
type for high-fluid operations. The en- 
gineer must consider all factors in se- 
lecting a given unit for a particular 
well. For example, beam and hydraulic 
units can be powered by either a gas 
engine or an electric motor. But, the 
submersible unit must be powered by 
electricity. However, it may be eco- 
nomical to produce with the latter unit 
since it can handle much larger vol- 
umes of fluid at most depths. 


Field Personnel Attitude 


Another less 
but nonetheless, in 


frequently mentioned, 
iportant factor in a 
complete “personnel ac- 
ceptance and utility of equipment.” 
Field employees, particularly, must be 
willing to accept and give all equip- 
ment a full and fair trial before best 
performance can be realized from any 
type unit. A pumper who is not familiar 
with a hydraulic unit might quite nat- 
urally report poor performance of it 
if he does not fully understand its op- 
eration. He may be reluctant to accept 
a change in types of equipment, or he 
may not be properly trained to operate 
it. The “human element” must not be 
overlooked 1 unit selection is be- 
ing consider 


ujuation 1s 


Other critical factors in equipment 
selection Present accessory pro- 
ducing equipment; future exchange 
value; ibility by the supplier; 
need for standby equipment; and sal- 
vage at flood abandonment. 

When all these factors are properly 
analyzed, several misconceptions of 
how the th type units compare will 
be dispelled. Waterflood operators 
using this technique understand this 
and are utilizing each type unit to its 
maximum advantage. Operators con- 
templating waterflood projects should 
take look at the problem 
posed by excessive volumes of fluid 
production and invest in the best unit 
for the particula 


service 


a very clos¢ 


application. 


Case Histories 

The DeMoss project is located in 
Archer County, Texas, seven and one- 
half miles southeast of Archer City. It 
is operated 1 pattern type (5-spot) 
unitized waterflood. The formation be- 
ing flooded is the basal member of the 
Strawn Sand Pennsylvanian 
age, 3600 ft and averag- 
ing 14 ft in thickness. 
high vertical and 


Crics of 
occurring at 
very 


Because of 
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horizontal permeability variation, the 
project experienced early and excessive 
water breakthrough. 

Limited core data available prior to 
flooding did not indicate this permea- 
bility problem. However, water vol- 
umes increased at an alarming rate 
following brief periods of increased oil 
production. Fluctuating injection rates 
revealed that no one well was responsi- 
ble. A profile jog run on one of the 
injection wells showed that a one-half 
ft section near the middle of the pay 
zone was taking a large portion of the 


injection water. A selective plugging 
program followed by other profile logs 
showed that the thief zone had been 
sealed off immediately around the well- 
bore only. 

Produced water did not decrease 
following the plugging program; there- 
fore, it was concluded that both ver- 
tical and horizontal permeabilities were 
so high and continuous throughout the 
field that injection water was re-enter- 
ing the “high perm” section a shoit dis- 
tance from the wellbore. T is made 
the plugging program ineffective. 


Table L Conpestaen Seaemary of Oilfield funsiee Units for High Fluid aieition, 





Advantages 


COUNTER- 3 


BALANCED 
BEAM UNIT 


SUBMERSIBLE 
PUMP 


HYDRAULIC 
ENGINE 


Higher mechanical 
efficiency 


Flexibility in power source 


Generally repaired by field 
personnel 


Lower investment cost for 
lower capacity units 


Conventional equipment 


Greater capacity at any 
depth 


Flexibility in capacity at 
any depth 


Competitive investment 
cost at most depths 


Attractive operating cost 
with sufficient fluid volume 


Eliminates sucker rod 
fatigue 


Capacity at any depth 


Flexibility in power source 


Eliminates sucker rod 
fatigue 


Minimum down-time for 
subsurface pump repairs 
Flexibility in capacity at 
any owe 


@ 


Disadvantages 


Susceptibility to load shock 
and wear 


Sucker rod fatigue 


More down-time while 
servicing sub-surface pump 


Greater investment cost for 
high capacity units 


Limited capacity below 
5000 ft 


Electrically driven only 
Repairs by specialist 
Low exchange value 


Higher total operating 
cost 


Misconceptions of 
equipment 


Multiple well system 
essential for attractive 
initial cost 


Requires clean power oil 


High operating pressure 
system 


Operator needs special 
training 


Repairs by specialist 








Table 2. Comparison of Pumping Unit Costs on Anchosenbes Oil jn 's 


DeMoss Flood in Archer County, Texas. 





Submersible Pump 


Item 

Pump 

No base required 
No rods required 


Use Existing 
2-in. thg 


Maintenance, 
Average/ Year 


Operating Costs: 
Labor/ Year .... 


Electricity 


Capacity = 800 bbl per day 


Cost 
$11,165 


Item 


Conventional Pump 


Cost 


228,000 pumping unit 
with 86-in. stroke 


Motor and Bases 
Y%-in. rods 


$ 6,367 
2,045 
1,250 


2'%4-in. tbg less credit 


for 2-in. tbg 
Subsurface Pump 


700 


Maintenance 
Average/ Year 

Operating Cost: 
Labor/ Year 
Electricity 


100 
3,000 


$14,965 











1,200 
250 


1,000 


400 
2,400 


$14,912 


Cagemy = = 500 to 600 bbl dead ad 
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The “OILWELL” string... 


PRODUCTS 
| SERVICES 
STORES 


USS 
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The ‘‘Oilwell”’ combination of products, services and 
stores means that when you buy from “‘Oilwell’”’ you get 
more than a piece of equipment. You get the added value 
of higher quality, better design. You get a means of 
making your job easier and more profitable. You get the 
assurance of knowing we’ll perform on time from one of 
our many stores, pump shops or regional warehouses. 
Turn the page for a few examples of why the ‘“‘Oilwell’’ 
string of products, services and stores runs first in the 
oil country. 


Oil Well Supply 
Division of 
United States Steel 





The “OILWELL” string... 


PRODUCTS 
SERVICES ia 








peronts 


The right way to use a slush fund... 


buy “Oilwell” Fluid End Parts 


Oilwell” Fluid End Replacement Parts 
to the same high standard of quality 
kmanship as your original ‘‘Oilwell’’ and 
Snyder slush pumps. They are designed 
ct requirements of your equipment. They 
)ydraulic conditions for which your pumps 
ened. And, because each part is carefully 


packaged in its own protective container, you’ll 
find it clean and ready-to-use when you need it. 
If you want top performance, minimum down 
time, and low-cost operation, use only genuine 
“Oilwell” Fluid End Replacement Parts. Your 
nearest “Oilwell” store stocks them . . . as well as 
a variety of other maintenance supplies. 


are prime examples: DI-HARD LINERS—give much longer service with little extra cost. 
HI-HARD PISTON RODS—have hard wearing surface on high tensile core. 
CHROMEX PISTON RODS—have extra coat of chrome. 
“4-on-1" PISTONS—have the never-wear-out body. 
VALVES AND SEATS—have more metal-to-metal contact plus greater flow area. 
ROD PACKING, LINER PACKING AND GASKETS—are made to rigid specifications. 
USS, “Oilwell”, DI-HARD, HI-HARD and CHROMEX are registered trademarks 
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How’s this for 
engineering service? 


Want a land draw works and drive adapted to 
the space limitations of a particular offshore 
platform? Need special unitizing designed 
for your pumps? Or help in selecting the most 
suitable rig components for a specific job? 
There’s one man who can give you the solu- 
tions to these and many other ticklish prob- 
lems: your ‘‘Oilwell’’ field engineer. 

There’s an “Oilwell” engineer near you, 
and you can be sure he will see that you get 
the most economical operation out of your 
“Oilwell” equipment. If you are looking at 
new equipment, he’ll see to it you don’t 
“‘over-buy.” If you’re heavying-up or con- 
sidering slim hole work, his know-how will 
prove of real assistance. 

The next time you’re rigging up or buying 
new machinery, call in the “Oilwell’’ engi- 
neer. He’ll show you how planning pays off. 
And his advice is free. 


If you’re rigging up, 
don’t forget friction tape 


Or any one of a hundred other small but 
essential supplies that you’ll need on your 
rig. Make a list of everything you think 
you’ll need, then give your list to the nearest 
“Oilwell” store. We’ll make sure you haven’t 
left anything out. We’re familiar with your 
needs, and we carry it all. “‘Oilwell”’ stores 
sell not only major items of drilling equip- 
ment, but also those innumerable little items 
like fuses, friction tape, hammers, axe and 
sledge handles, solder, wiping rags, even 
flashlight batteries. Get it all, all at once, 
from your “‘Oilwell’’ store. 


Oil Well Supply 


(USS) Division of 


United States Steel 


Executive and Export Offices: Dallas, Texas 
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Comparative production curve for three wells in the DeMoss flood of Archer County, Texas, shows definite 
Juction advantage gained by handling large fluid volumes with a submerged pump (see curves at right). 


the problem could 
igh injection rates 
and produc fluid entering the 
wellbore. B ting with a 40-hp sub- 
en because it was 
tal purchase option 
secessary flexibility 
) bbl per day), it 
volumes would 

0 bbl per day. An 
economic ealed that a beam 
unit with beam, a 228,000 
in.-lb gearbé d an 86-in. stroke 
would be ictical since a por- 
tion of th y equipment (tub- 
ing, rods surface pump) was 
available on tl roject (See Table 2). 
In 1959 large beam units were 
Che submersible 

the test well. The 
the oil production 

i creating a profitable 
project. The pro- 
n oil recovery result- 
1g at high fluid rate 


It was 


be solved bi 


mersible 

available o 
and affor« 
in capacity 
was found 


range from ¢ 


placed in o 
pump was lel 
severe decl 
curve was 
picture f 
nounced efi 
ing from pro 
is illustrated t 
A detailed study of individual well 
performance ites that an addi- 
tional 150-250,000 bbl of oil can be 
attributed to this production technique. 


The Rusmag Flood, Jack County, 
North Tex unitized operation 
conducted First Caddo Con- 
glomerate at th of 4450 ft. The 
reservoir rock conglomerate ex- 
tending 01 1 of approximately 
5500 acres iges 24 ft in thick- 
ness. The st! s a monocline dip- 
ping to the 1 vith productive lim- 
its of the defined by gradation 
from a cons te 

The field veloped on a 40- 


B-48 


acre pattern, but in many areas it does 
not lend itself well to symmetrical five- 
spot flood patterns. Nonetheless, the 
injection pattern has been kept as nearly 
a normal five-spot as possible. 
Extensive study of previous attempts 
to flood the Caddo Conglomerate in 
North Texas suggested this reservoir 
might resvond favorably if a five-spot 
pattern and high injection rates were 
used. In fact, several flood projects 
studied indicated they had been fail- 
ures mainly due to the use of key well 
drives or peripheral patterns and low 


injection rates. Consequently, pattern- 
type flooding and high injection rates 
were chosen for this reservoir. Suffi- 
cient pressure was created to cause all 
sections to take water yet not exceed 
formation breakdown pressure. This 
practice made it mandatory to produce 
high volumes of fluid if producers were 
to be pumped down. 

Effects of handling high volumes of 
fluid, mostly water, and the resulting 
production performance of wells No. 
16-3 and 30-1 are shown in Fig. 3. In 
the case of well No. 30-1, size of equip- 
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FIG. 3. Effect of pumping large fluid vclumes are shown for two wells in the Rusmag Project 
of Jack County, Texas, Well 30-1 (curves at left) was equipped with a submersible unit. 
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because 
Mission Super-Chrome rods have 2 


Ordinary rods must fight corrosion fatigue as well as the fatigue 
from tensile and compressive stresses. But, the tough, hard-chrome 
plating you see in the photograph protects Mission Super-Chrome® 
rods against corrosion fatigue. That’s one more reason Mission 
rods last longer. Beneath the coat of heavy chrome you can see the 
deep, file-hard case. Inside is the tough, high strength core. Its un- 
usually high ductility will resist the fatigue induced by literally mil- 
lions of tension and compression cycles, while the chrome plating 
resists the corrosion fatigue which could be induced by millions of 
gallons of drilling fluid. Mission Super-Chrome rods are sure to 
stay in your pump longer than any others. Specify Mission parts all 
the way and save all the way. 


wearing surfaces 


MES Sion 


MISSION MANUFACTURING CO. P.O. Box 4209, Houston, Texas Cable Address “MiISSCO’ Export Office: 30 Rockefeller Plaza. New York 
In the United Kingdom: MISSION MANUFACTURING CO., LTD., 1 Hanover Square, London W.1 England « cable address ‘*MiISSOMAN’ 
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The Clapp-Walton flood, located in 
the Kermit Winkler County, 
West Texas s from both the 
Penn-Bennett ember of the Yates 
and the Up; 1een Sands. The pro- 

horizon consists 
‘rs sandwiched be- 
and anhydrite 
stimated gross in- 
terval of 27 th sands vary con- 
siderably sition and permea- 
bility, with tl \ being finer 
grained and | rmeable. 


ducing two-me1 
of several s 

tween nume shale 
stringers 0 


ates 


Floodin ions were com- 


menced in August 1954, with injection 
rates averaging 300-450 bbl per day. 
Water was injected simultaneously 
into both sands through casing. The 
project responded on schedule and 
performed very successfully. In late 
1958, a comprehensive engineering 
analysis was made to determine if pro- 
duced water could be reduced by se- 
lectively plugging some flooded out 
zones. After considerable study, a 
unique fact began to stand out. A def- 
inite trend existed in individual pattern 
water-cut. A closer inspection of this 
phenomenon revealed that it closely 
followed the contours of the sand iso- 
pachous and quality map. Detailed 
water injectivity and pressure break- 
down tests revealed that the Queen 
sand was sustaining pressure parting at 
pressures necessary to inject water into 
the Yates. 

Dual injection solved the pressure 
parting problem. Water was injected 
into the Yates through the casing- 
tubing annulus and into the Queen, at a 
lower pressure, under a packer and 
through the tubing. A selective plug- 
ging program in the Queen was initi- 
ated in an effort to reduce water pro- 
duction from this zone. Also, larger 
size units were installed on critically 
loaded wells to handle the high fluid 
volumes (600-750 bbl per day). 

Results of this program are clearly 
evident in the resultant “second peak” 
shown in Fig. 4. An estimated 400- 
500,000 bbl additional oil recovery are 
predicted. 
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FIG, 4. Project performance curve of the Clapp-Walton fluid in Winkler County, Texas, 


shows results 


wells with high ty pumping units. 


-50 


njection into two producing zones and equipping critically-loaded 


More Improvements Needed 


The new technique of using opti- 
mum injection rates and large capacity 
pumping and auxiliary equipment to 
handle large volumes of fluid in water- 
flooding operations is proving bene- 
ficial. Although beam-type units are 
the most conventional, submersible 
pumps and hydraulic engine type units 
likewise are applicable under such 
conditions. There is great need for 
major improvements in all three units. 
Several new concepts in equipment 
design show promise, such as stronger 
but smaller diameter sucker rods to 
reduce beam pump loads, improved op- 
erating efficiency for submersible 
pumps, and use of water as power fluid 
for hydraulic engines. 
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FOR BETTER RESULTS 
FROM ACID FRACTURING . . . 


HALLIBURTON ACIDGEL FRAC DELIVERS 
MORE PUNCH IN SOLUBLE FORMATIONS 


This true gel combines retarded acid action and low 
friction loss to give greater fracture penetration into 
the reservoir with live action acid. 

ACIDGEL FRAC is designed for use in acid soluble 
formations and better hydraulic horsepower utiliza- 
tion, thus combining a more powerful acid reaction 
in deeper fracture recesses with economical applica- 
tion of surface power. 

ACIDGEL FRAC is compatible with all Halliburton 
non-emulsifying agents. After performing its maxi- 
mum fracturing action, it rapidly thins, yet maintains 
sufficient body to help suspend formation fines for 


more rapid return from the fracture. 


FRACTURING SERVICES SH ait anne ee 


ee } si IN FRACTURING” 


Halliburton 


COMPANY . DUNCAN. OKLAHOMA 
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W-K-M DIVISION 


ACF INDUSTRIES 








THE “SIGNATURES” OF 
MASTER CRAFTSMEN 
ARE ON EVERY W-K-M VALVE 


As your guarantee of the superior skill and 
workmanship that go into every W-K-M 
valve, each master craftsman stamps his 
personal emblem in the metal when he 
completes a part. The uniformly high quality 
of W-K-M workmanship is equalled by 
advanced engineering and methods of 
manufacture. Performance is the final 
measure of the value of a valve...when 
you install W-K-M you may be confident of 
satisfaction and long economical service. 


When So Much Depends on a Valve 








T|S_Propuction NEWS 





Otis Engineering Corporation « Dallas 


Production Equipment and Services 
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TYPE WA OTIS 


PRODUCTION PACKER 





TURNED DOWN 
0.0. 


to Permit 
Longer Slip 
Travel 








Two Standard Model 412” Otis Production 
Packers Turned Down To 3.67" 0.0. 
And Set in 5° Drill Pipe 


HOUMA, LA. — Otis packer specialists 
from the Belle Chasse and Houma divi- 
sions recently solved an extremely difficult 
well completion problem for one of the 
major producing companies in their area, 
by turning down and setting two of their 
standard model 4%-inch Type WA Pro- 
duction Packers between tool joints in 
stuck 5-inch drill pipe. The fact that 
these packers could be turned down from 
their normal 3.80-inches to 3.67-inches 
and set in 4.30-inch I.D. pipe, saved the 
operator a considerable amount of rig 
time in addition to the cost of having 
special packers designed and built. 


Well conditions at the time the Otis 
specialists were called in were as follows: 
12,500 feet of 5-inch, 19.50-pound drill 
pipe had become stuck in a salt water 
flow during final drilling operations and 
could not be freed. As a result, the pipe 
had been cemented in place at that 
depth and cut off at 2900 feet, then tied 
back to the surface with 7-inch, 29-pound 
casing. The only potential producing 
interval was located at 11,600 feet. 
Before attempting to bring in the well, 
the operator wanted to plug below, and 
set a packer above, the potential zone. 


Probably the most serious problem 
facing the Otis specialists on this par- 
ticular job was the fact that the operator 
wanted the packers set in the pipe 
between tool joints. This meant any 
packer run into the well would have to 
have an outside dimension of less than 
3.75-inches to pass through the tool 
joints, yet have a sufficient range to set 
and hold in the 4.30-inch I.D. pipe. 
Although none of the standard produc- 
tion packers or bridge plugs available 
today are designed to cover this range, 
the Otis specialists felt confident their 
packer could be turned down and run. 
In the interest of time and cost, the 
operator agreed to try it. 


After first running a 3.68-inch O.D. 
junk basket to 11,800 feet, the first Otis 
packer, equipped with an expendable 
sealing unit, was run in to 11,744 feet 
and set. In that this packer was to serve 
as the bridge plug, it was set 4 feet 





below a tool joint so that the cement 
to follow would straddle the joint and 
give a stronger plug. Running time was 
approximately 5% hours, due to the 
viscosity and weight of the drilling mud. 
Once set, three dump bailer loads of 
cement were placed on top of the packer 
and allowed to set for 12 hours. At the 
end of that time, the plug was tested to 
3500 p.s.i. Where fluid had been lost 
through the bit prior to plugging, there 
was no bleed down of pressure. 


Next, the drill pipe was perforated 
and squeezed below and above the 
intended producing interval and _ the 
zone itself perforated. With these opera 
tions completed, another turned-down 
Type WA Packer was run and set 
between tool joints at 11,570-feet. A 
successful test to 1500 p.s.i. convinced 
the operator the packer would hold and 
swabbing operations to bring in the well 
were begun. 

The help given this operator by his 
local Otis packer and completion spe- 
cialists is typical of the service available 
from all Otis field personnel. Their 
knowledge of production problems and 
of the application, installation, and 
capacity of theiz equipment permits them 
to make sound, on-the-spot recommenda- 
tions. The next time you find it necessary 
to consult with someone regarding packers 
or well completion techniques, call the 
Otis office nearest you or write Otis, 
Department 3-P, Box 35206, Dallas 35, 
Texas. You'll find experienced Otis well 
completion specialists ready to help you 
— anxious to serve you. © 1960 O. E.C. 


OTIS 


Engineering Gls) Corporation 


General Offices: 
6612 Denton Drive - Dallas, Texas 
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MODERN < a WELL COMPLETION SERIES 


2 
PART 13 


Hydraulic Fracturing 


WILLARD E. HASSEBROEK and CALVIN D. SAUNDERS 


Halliburton Company, Duncan, Oklahoma 


IN 1948, Stanolind Oil & Gas Com- 
pany (now Pan American Petroleum 
Corporation) announced its hydraulic 
process for increasing well produc- 
tivity, culminating several years of ex- 
tensive laboratory and field study.* In 
March 1949, Halliburton Company 
Operating as an exclusive licensee 
under patents owned by Pan American, 
performed the first two commercial 
fracturing treatments simultaneously, 
one in Archer County, Texas, and the 
other in Stephens County, Oklahoma. 
Thus began one of the most outstand- 
ing well stimulation procedures that 
the petroleum industry has ever known. 


Importance of Fracturing 

What has hydraulic fracturing meant 
to the oil industry? Conservative esti- 
mates indicate that three of every four 
wells fractured have resulted in profit- 
able production increases which in turn 
have raised potential reserves tremen- 
dously. It was estimated in 1958 that 
10% of all recoverable reserves in 
North America could be accounted for 
by hydraulic fracturing. 

Many fields are in existence today 
because of these techniques for, with- 
out them, producing horizons would 
very probably have been bypassed as 
either barren or commercially nonpro- 
ductive. The famous Spraberry forma- 
tion of West Texas is one of these. It 
was passed up in several wells as not 
productive until fracturing treatments 
showed otherwise. Since then practi- 
cally every well completed in that in- 
terval has been fractured or treated 
with some form of stimulation tech- 
nique. 

A company operating in Peru, South 
America reported that during an eigh- 
” ‘This article is one of a series of Modern Well 
Completions based on lectures given by industry 
authorities before a Petroleum Engineering 


Seminar course, PE-270, at The University of 
Texas, Austin. 
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teen month interval it recovered 
1,860,000 bbl of added oil from 319 
wells fractured.” 

At the end of that period produc- 
tion per day was 5400 bbl greater than 
the daily quantity produced before 
treatment. 

Another company in the United 
States compared the production his- 
tory on a number of wells before and 
after fracturing. It observed that for 
142 wells in 28 areas in 8 states, ulti- 
mate increase in oil fracturing aver- 
aged 12,000 bbl per well at a cost of 
32¢ per bbl.® 

As in many new developments, 
changes in hydraulic fracturing were 
destined to take place. Fig. 1 shows 
the growth trend in treatment size. 
Early treatments were very conserva- 
tive. Volumes of 200 to 400 gal of 
fluid with % Ib sand per gal, injected 


at rates of 2 to 4 bbl per min were 
considered average. Twice that quan- 
tity was visualized as a large job. 

Occasionally some brave operator 
would perform a 1500 to 2000 gal 
treatment which was looked upon with 
critical speculation. In so doing, more 
pumps were usually employed, result- 
ing in increased injection rates. These 
larger, faster type jobs began to show 
greater, longer-lasting production in- 
creases and gradually the curve began 
to rise. 

Faster rates led to the belief that 
perhaps highly viscous fluids were not 
necessary as had been previously be- 
lieved. Experimentation was conducted 
with less expensive fluids of lower vis- 
cosity with good results. In the latter 
part of 1952, use of refined petroleum 
residuals and heavier crude oils be- 
came popular. This permitted greater 
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FIG, 1. Fracture treatment history shows the ever-increasing size of such treatments since 
the first job was performed in 1949. Sand-fluid ratios, however, have remained relatively 


constant. 
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New truss design 
for maximum rigidity and strength per pound of structure— 
maximum torque and well-load capacity per unit of weight. 


Improved gear reducer 
with maximum accuracy of gear bearing-shaft alignment— 


high-torque gear train—immediate lubrication. 


BET geri New engineering throughout 


for maximum operating economy—new servicing features— 
new counter-balance cranks—new equalizer mounting— Pre- 


lubricated bearings—hydraulic wrist-pins. 
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BETHLEHEM STEEL COMPANY, SUPPLY DIVISION 


. Qitense i! 2 21 East $ d St., Tulsa, Okl 
The Bethlehem Series ‘‘60’’ is new = eee: py tare 
Please send me your new Booklet 1669, introducing the Bethlehem 


from the base up for top economy, Series "60" pumping unit. 


wide flexibility, easy maintenance. If rh 
~ ame itle 


you'd like more details, send us the 
Company 


coupon. Or check with the Bethlehem 


office or store in your area. Address 


City & State 











Bethlehem Steel Company, Supply Division 
General Offices and Export Dept., 21 East Second St., Tulsa, Okla. 


Canadian Distributor: Bethlehem Supply Company of Canada, Ltd., Calgary, Alberta, Canada nsiee 


BETHLEHEM STEEL 


SUPPLY DIVISION 
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Lighter... 
Simpler... 


It's Faster... ; 
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’S WHY GRAY WELLHEAD ASSEMBLIES 
are BETTER BECAUSE OF GRAYLOC CONNECTIONS 


ns are made between a flanged 
assembly, both having a test 
5,000 psi. No matter what the 
nt of similarity where you start 
you will find that Grayloc con- 
blies can save you labor, time 


and effort that results in a substantial saving of pro- 
duction dollars. 

Whether your particular interests are in high or 
low pressure, single or multiple completions, Gray 
wellhead assemblies can help make your production 
operations less expensive. For full details and specific 
engineering information, write for the Gray catalog. 


’ 


GZ Tool Company 


P.O.BOX 2291 


HOUSTON 1, TEXAS RIVERSIDE 7-1240 
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Reed has 
contributed most 


to the design 


of the modern 


drill string / 


Look at your drill string today, every one 
of the most popular A.P.I. tool joint con- 
nections on it was designed by Reed 

Reed designed and developed the Full 
Hole Joint (now A.P.I. standard)—the In- 
ternal Flush Joint (now A.P.1I. standard)— 
the Extra Hole Joint—the Super Shrink 
Grip Tool Joint (the first, best, most fool- 
proof tool joint on the market today)—the 
tensile impact test for checking flash 
welds (there has never been a field failure 
in the weld area of a Reed Flash Welded 
tool joint)—the Wide Open tool joints 
specifically for light weight drill pipe— 
the Inarclad hard facing process—the 
first field proved tool joints for aluminum 
drill pipe—Reed can weld to any high 
tensile pipe the mills release for drilling 


Reed has contributed more to the design 
of the modern drill string than any other 
company ® Reed research, experimenta- 
tion and development will stay ahead and 
continue to provide the tools required for 
advanced drilling techniques 


The place to look for progress in drilling 
tools is right here at Reed 


Reed Roller Bit Company, Houston 1, Texas « Export Office: Time and Life Bidg., Suite 3744 Rockefeller Center, New York 20, N.Y 





Three good ways to 
cut drilling costs 








The three units shown here are important items behind the re- 
cent revolution in drilling fluids that has done so much to speed 
drilling and cut costs. Each is designed for a different problem 
but all are efficient and economical. Equally important, all are 
handled by SWACO -- the leader in mud -treating equipment. 
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faster drilling with in- 


If you are using mud as heavy as 12 
pounds per gallon, you can cut mud 
costs and increase drilling rate by using 
a Clayjector. This is a cyclone-type 
separation unit that is extremely effec- 
tive at rejecting unwanted clays and 
retaining expensive barite. 

In addition, since it makes possible the 
economical maintenance of a low- 
solids, low-viscosity mud, it actually 
permits a reduction in bit costs and 
drilling time. 


D-SANDER® 


The D-Sander greatly increases the life 
of mud pump parts and bits when 
sand or abrasive shale is being drilled. 
Since it removes virtually all sand- 
sized solids from the mud, excessive 
pump-parts and bit-nozzle wear — as 
well as many other problems — are 
avoided when a D-Sander is used. 
There is a size and type to fit every rig 
and drilling condition. 


creased § 


riptions tell just a few of the many ways you can cut costs by mechanical mud treating. For the 
tory on how you can profit, call your nearest SWACO representative or write us direct. 


Ss WAS & 


SALT WATER CONTROL, INC. 
7 ORT WORTH NATIONAL BANK BLDG., FORT WORTH 2, TEXAS 
Telephone: EDison 2-4433 Cable Address: “SWACO” Fort Worth 


TEXAS: Houston, Corpus Christi, Fort Worth, Kermit 
COLORADO: Durango 


ANA: New Orleans, Lafayette 
OKLAHOMA: Oklahoma City 
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BAASH-ROSS | 
SLIPS 


First In Sales and Quality Because: 


First with advancements... 
Work better for men and pipe... 
Strong enough to take it... 
Light enough to use... 


j 


ii = a i ‘ : . Li 
; 1 AT* i Um ‘ ! 
hs OAc. Onth, GR our 422 vear 


aw ba) OF PROGRESS 
Pos? mth, 


BAASH-ROSS | 


DIVISION OF JOY MANUFACTURING CO. 
General Offices: Housion, Texas 
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MARVEL Treater Helps 
Good Emulsion-Breakers Work Better 


Reduced Operating Costs 
and Better Oil to Storage 
Possible with New 
Visco Mechanical Aid 


Visco now has the means to do a thorough disper- 
on emulsion-breaking chemicals, even in 

\vity oils. It is the Marvel® Treater, 

hanical dispersion aid which Visco 
for either lease or sale through your 
Visco Representative. The Marvel Treater in- 
creases efficiency of emulsion-breaking chemicals 
by insuring that they are thoroughly dispersed in 
ind this increased efficiency usually 
:| is required and/or lower treat- 


sion job 
viscous, low-¢ 
a patented 1 

has availabk 


crude oil 
means less chemlk 
ing temperature 

The Marvel Treater is installed in the flow line 
so that all fluid going to the treating unit passes 
through it. Crude enters a slot and baffle arrange- 
ment in the Marvel Treater, which completely dis- 
perses the emulsion breaker in the oil. However, 
this dispersion process causes no pressure loss 
between the inlet and outlet of the treater—it will 
handle the :mount of fluid as will the line on 
which it is installed 

Simple to install, the Marvel Treater can be put 
into place minutes by field personnel, and is 
available i s to fit, 2, 3, 4 or 6-inch lines. 


Field Reports of Marvel Treater Efficiency 


Here are a few reports made by Visco Representa- 
tives after field-testing the Marvel Treater—testi- 
mony as to what the treater can do for you: 
Western Oklahoma 


d superintendent agreed to the 
inch Marvel Treater. They have 

it a cost of about $100 a month 
for heating days after the treater was in- 
stalled, we the heat off and the oil has been 
going to stock better than it ever was. We are 
getting perfect oil to stock plus a one-degree in- 
crease in gravity 


“The pun 
installatio1 
been using 


Southern Oklahoma 


“They have a 10’ x 27’ treater that carried 180° 
heat. The oil was 26° gravity . . . going to stock at 
0.8%, and they had to bleed about five inches of 
water off each tank before they could run it. We 
installed a Marvel Treater three weeks ago and cut 
off the heat two hours after installing it. Since then, 
they have sold tank a day and the Marvel 
Treater has not only saved the cost of the butane, 
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r 
sentative (at left) to a lease operator. The new treating device 
effects maximum mixing of emulsion breaker chemical with pro- 
duced fluid, has enabled many operators to reduce heat, cut 
chemical requirements and produce oil of increased gravity. 


which was $25 a day, but has resulted in a 2° 
increase in gravity, which is 4¢ more per barrel of 
produced oil.” 


Southern Kansas 


“An oil company had a new wildcat well producing 
19° gravity oil with a pour point of 51°F Their 
analysis showed this oil to be 54% asphalt, and 
the grindout showed 21% B.S.&W. After a two- 
week treating period the cuts were still going to 
stock at 2.3%. Marvel Treater was recommended 
and the customer agreed to a 30-day test. Two days 
after the Marvel Treater was installed, the oil 
going to stock ground out 0.4%...” 

These examples indicate what the Marvel 
Treater has been able to do for other oil producers. 
It can probably help you in the same way. Why not 
call your Visco Representative and talk over your 
problems with him? Or, write directly to Visco 
Products Company for details. 


VISCO PRODUCTS COMPANY 


Incorporated 
A Subsidiary of Nalco Chemical Company 


1020 Holcombe Boulevard Houston 25, Texas 


4 


... consistently efficient 
oil field chemicals 
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volume per dollar cost; and from that 
time on the curve rose steadily, where 
now treatments average about 14,000 
gal with 19,000 Ib of sand, giving a 
sand-to-fluid ratio of approximately 
1.35 Ib per gal. 

Present fracturing treatments are a 
far cry from those performed 10 years 
ago. Although a great number of rela- 
tively small volume jobs are completed 
each day, it is not uncommon now to 
see service equipment valued at one 
million dollars or more surrounding 
a well, pumping 100,000 to 200,000 
gal of fracturing fluid and 200,000 to 
300,000 Ib of sand at rates of 80 to 
100 bbl per min. 


Fracturing Fluids 


Today the well owner has a variety 
of fracturing fluids from which to 
choose. These may be classified into 
three general groups: (1) true fluids, 
(2) gels, and (3) emulsions. 

True fluids may consist of (1) oils, 
either refined or crude; (2) unthick- 
ened water, i.e., fresh water, salt water, 
or oil field brines; and (3) unthickened 
acids. 

Gels may be composed of oil, water, 
or acid with a proper chemical added 
to the base fluid to increase its vis- 
cosity. 

Emulsions are comprised of two 
fluid phases: (1) oil; and (2) water 
or acid. They are formed by mixing 
the two phases together in correct pro- 
portions in the presence of an emul- 
sifying agent to form either oil-in- 
water or water-in-oil types of emul- 
sions. 

When gels or emulsions are used, 
their viscosity should be reduced for 
return to the well bore after treat- 
ment. Nearly all fluids used in fractur- 
ing are designed to this end through 
use of special additives referred to as 
gel breakers or by other means of self- 
destruction after placement. 

It is possible that any of these fluids 
could be used to fracture a particular 
formation in a particular well. The 
choice depends upon such factors as 
formation characteristics, well depth, 
well temperature, pressures, injection 
rates, sand concentration desired, costs, 
etc. 

Compatibility of the fracturing 
fluids with fluids in the well or in the 
formation is very important. Fre- 
quently oils of different base composi- 
tion will precipitate insoluble asphal- 
tine particles when mixed together 
and can result in plugging of perme- 
ability. Some oils tend to emulsify 
badly when in contact with water and 
fracturing oil coming in intimate con- 
tact with this water can form an un- 
desirable emulsion that could plug the 
formation. 
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Fluid compatibility usually can be 
determined by relatively simple tests. 
If precipitation is a problem some 
other fracturing fluid can be selected. 
If emulsification is indicated, surfac- 
tants can be used to precede or be 
mixed with the fracturing fluid to aid 
in preventing such occurrence. 

Response to fracturing is enhanced 
considerably by having a clean well 
or clean formation on which to oper- 
ate. Pretreatment with special acids and 
surfactants, or mixtures of the two, for 
the removal of muds or other barriers 
is of great assistance for maximum 
results. 


Fluid Loss 


Fracture extension is a function of 
work performed by the fracturing 
fluid. If all fluid pumped were to re- 
main in the void between the fracture 
faces it could be considered as work- 
ing at 100% efficiency. As the fluid 
travels outward from the bore hole 
however, a portion of it penetrates or 
“leaks off” into the matrix permeability 
where it no longer has any effect on 
extending the fracture further into the 
formation. 

Some fracturing fluids have inherent 
low fluid loss because of their compo- 
sition. Others exhibit very high leak- 
off qualities. Most gels and heavier re- 
fined oils usually have reasonably low 
fluid loss whereas many high-gravity 
crude oils and light-end refined prod- 
ucts show high fluid loss characteristics 
with water and conventional acid solu- 
tions being almost infinite in this 
respect. j 

A number of special products may 
be added to fracturing fluids to im- 
prove their fluid loss properties.* ° 
They are available for either oil-base 
or water-base fluids in powder or 
liquid form and usually are a combi- 
nation of finely divided solids and col- 
loidal particles. As the fluid penetrates 
the formation permeability, the par- 
ticles filter out on the fracture face 
and establish a relatively impermeable 
wall, thus preventing additional loss of 
fluid or curtailing it to a very low rate. 
As the formation produces after treat- 
ment the particles are either dissolved 
or removed by the formation fluid. 


Multiple Fractures 


It is possible that more than one 
fracture is produced in an exposed in- 
terval during the course of a single 
fracturing treatment but probably the 
fracturing fluid flows into only one 
entry point, especially if there is no 
change in pressure or other forces to 
direct the flow elsewhere. There are 
means, however, of intentionally creat- 
ing more than one crevice.® 

After a single fracture is started and 
extended, it may then be plugged at 


the face on the well wall to exclude 
further penetration of the fracturing 
fluid into the crack. Increasing hydrau- 
lic pressure in the hole then initiates 
another fracture at some other depth. 
This in turn may be sealed and an 
additional fracture established. This 
technique is often called “multiple 
fracturing.” 

One substance used for accomplish- 
ing this is a graded and sized granular 
material. Particles are of varied size, 
most larger than the crevice width. 
They are unable to enter the fracture 
and as a result create a bridge, the 
smaller particles crowding in between 
the larger ones until an impermeable 
barrier is formed. The granular par- 
ticles are dissolved as the well pro- 
duces after treatment. 

In some instances, temporary seal- 
ing may be accomplished with ex- 
tremely viscous or stiff gels that have 
sufficient body to prevent fluid passage 
into the formation. They usually con- 
tain delayed breakers which in time 
reduce the viscosity. 

Another method of creating multiple 
fractures or deflecting fluid passage 
employs balls to seal perforations tem- 
porarily. Balls composed of rubber or 
other composition are introduced into 
the injected fluid stream and are car- 
ried to perforations taking fluid. Their 
diameter, being greater than that of 
the perforated holes, prevents them 
from passing. (See Fig. 2). Pressure 
holds them against the perforations 
and creates a seal, thereby directing the 
flow of fluid to other openings. When 
pressure is released, the balls fall to 
the well bottom where they may be 
left or recovered later. With knowl- 
edge of specific well conditions it is 
possible to design a very effective frac- 
turing treatment with ball sealers.’ *: ® 


Hydraulic Packing for 
Sand Control 


Many producing formations are 
composed of unconsolidated sand, 
without cementitious material holding 
the sand grains together. As oil or gas 
is produced from these zones, the for- 
mation grains flow with the fluids into 
the well bore, frequently to such an 
extent that the well becomes clogged 
with sand, making it impossible for 
fluids to flow to the surface. 

When this condition exists, the wall 
of the well usually must be supported 
by casing or perforated liner. The per- 
forations are sometimes ecuipped with 
screens of various types which allow 
oil to pass but exclude sard particles. 
Frequently, relatively coarse sand or 
gravel is circulated behind these screens 
to provide additional filtering of the 
formation solids. Although this pack- 
ing technique with low pressure cir- 
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MORE TIME 


FOR WORK 


with CONTINENTAL-EMSCO 
B-SERIES PORTABLE MASTS 


Watch a Continental-Emsco B-Series Mast in use, from 

the beginning of a rig-up through tear-down. You'll see why 
these masts make money for their owners by saving time 

in every phase of operation. 





Both the mast and substructure are quickly rigged up by 
the drilling crews. Rear-leg pivot permits fast, low-level 
assembly and a minimum-height crown support. Since the 
mast is not pulled over center, you avoid the delays and 
expense of using snub lines or pull-over lines. Thanks to a 
wide substructure you lose no time rigging floor extensions. 


To secure the mast, you simply slip in support pins 

at the floor level; four-legged construction transmits all 
loads directly to the substructure. You eliminate costly, 
time-consuming leveling of the substructure... 

level up quickly with shims beneath the leg pedestals. 


Crown-block sheaves have flame-hardened, rolled forged 
rims that resist wear and lengthen the life of your 
rotary line. Timken double-tapered roller bearings are 
standard on all sheaves to take thrust loads. 

Thrust washers or spacers are not necessary. 


These are only a few of the advantages that are yours 

with a B-Series Mast, designed to save you time and money. 
Ask your Continental man for full details, or write for 
bulletins on any of the four models at left, below. 


Continental-Emsco Masts are also available through leading supply stores. 


| 





. 


Ae 
B-127 B-133 | B-134 B-142 

Clear Height 1 Clear Height 134’, Clear Height 142’ 

Nom. Gross Capa i ty | Nom. Gross Capacity | Nom. Gross Capacity 

416,000 Ibs 830,000 Ibs. ,053,000 Ibs. = 








CONTINENTAL- EMSCO 


Serving the Oil and Gas Industries 
... Worldwide 











CONTINENTAL-EMSCO COMPANY, a Division of The Youngstown Sheet and Tube Com 
pony, General Offices: Dallas, Texas; Export Division: 30 Rockefeller Plaza, New York 
N. Y. © Continental-Emsco Company Limited, General Offices: Calgary, Alberto, Canada 
Continental-Emsco Company C. A., Caracas, Venezuela @ Plants: Houston and Garland 
Texas; St. Albans, Herts, England ¢ Representotives in All Principal Oil Fields of the World 
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At Halliburton, an intensive program of research and development has as its major objective the con- 
tinuous improvement of the industry’s best formation testing services. This means better tools for 
better services! 

The ultra modern Halliburton testing research center is capable of simulating conditions in the 
deepest of wells...temperatures in excess of 450°F. and pressures in excess of 20,000 psi...and is 
staffed by thoroughly experienced tool development engineers, metallurgists and other specialists. 
From this combination of specialized men and equipment come the tools and techniques that result 
...superior packers used in formation testing and special tools service jobs. Halliburton ADVANCED 
TESTING RESEARCH continues to mean REAL PACKER PROGRESS...longer packer life, more dependable 
sealing, reduced drag, and other developments that contribute to the best possible service. 

Halliburton Advanced Testing Research is still another reason why Halliburton Formation Testing 
and Special Tools Services provide you with Results You Can Trust! Your nearby Halliburton Repre- 
sentative is ready to serve you. Please call him! 


“Continue To Look To Halliburton—for Leadership” 
TESTING SERVICES 
>, Bot Se gt See 3 xs 5 Li i Bi PE anh ; 


Halliburton 


COMPANY . DUNCAN OKLAHOMA 
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Says Lee Daniel, Vice President in charge of operations 


Helmerich & Payne, Inc., Tulsa, Oklahoma own some 34 
rigs ... and most of them are equipped with Tiger Brand 
wire lines. Mr. Daniel says, “We have tried many lines 
and our boys in the field would rather have USS Tiger 
Brand than any other line. We’re looking for over-all 
efficiency and we’re getting it. Tiger Brand gives con- 
sistently good service. The American Tiger Brand Sales 
Engineer is always on the job when we need special 
service. We’ve learned the various cut-off practices that 
are best—that really work. We keep good ton-mile rec- 
ords and pay attention to them when purchasing wire 
rope. That’s why we’ve used Tiger Brand for 40 years.’ 

Rig No. 44, shown here, was drilling to 16,000 feet 
near Chickasha, Grady County, Oklahoma. It was 
equipped with 7,500 feet of 11/,” Tiger Brand 6x19 Moni- 
tor Preformed Rotary Drilling Line with wire core. The 
crews had drilled to 15,300 feet in 162 days—and had no 
trouble with this line. They expect to get about 120,000 
ton-miles from the line. 

Mr. Carl H. Young, assistant to vice president, added 
this comment, ““We would like to keep our maintenance 
figures as low as we can. Ton-mile records prove that 
we’ve made the right choice in Tiger Brand.” 

For complete information about various USS Tiger 
Brand lines for oil field service, write for our catalog, 
American Stee! and Wire, Dept. 1190,614 Super- 
ior Ave., N.W., Cleveland 13, Ohio, or contact our 
nearest distributor. USS and Tiger Brand-are registered trademarks 


American Steel and Wire 
Division of 
United States Steel 


Columbia-Geneva Steel Division, San Francisco, Pacific Coast Distributors 
United States Stee! Export Company, Distributors Abroad 
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for 40 years—and our men still prefer it!” 
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GROVE G-6 REGULAR PORT VALVE — 


SIMPLE—COMPACT—VERSATILE | 


For Wing Valve, Tubing Head, Flow Line and Manifold services 


Now the proven Grove Seal-‘‘O’’-Ring® design is ready in a compact regular 
port gate valve. Round opening (1) assures flow characteristics superior to 
plugs. Double-barrier seal gives positive metal-to-metal contact (2) backed up 
by protected o-rings (3) to keep gate clean, smooth for fast open/close. 
Non-rising stem (4) and “‘designed-in’’ compactness achieve overall height of 
only 14%". G-6 Regular Port gate valves, like all Grove valves, do not rely on 
sealing compounds for bubble-tight shut-off, thereby eliminating costs 
relative to this maintenance. Ready now in 2” API 3,000# and 5,C00# wog. 


GROVE PRODUCTION VALVES 


GROVE VALVE AND REGULATOR COMPANY 
a subsidiary of Walworth 

6529 Hollis Street, Oakland 8, California 

Offices throughout the U.S. and Western Canada 
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Meg — ADDITIONAL FLUID FORCED 
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THROUGH THESE PERFORATIONS 


BALLS SEAL THESE 
PERFORATIONS 


FIG. 2. Multiple fracturing is designed to treat various zones open in one hole. Use of 
small balls to seal certain perforations is one method developed for this purpose. 


culation provides a highly permeable 
flow medium and is usually quite effec- 
tive for sand exclusion, it does not 
always prevent movement of particles 
within the formation itself which can 
cause a plugging action and create a 
resistance to fluid flow. 

Placement or packing of the special 
sand under pressure similar to the pro- 
cedure of hydraulic fracturing has in- 
dicated in many cases better and more 
lasting results. Not only has it been 
successful in controlling the flow of 
formation sand, it has, in a large num- 
ber of instances, resulted in greater 
oil or gas production. ** ™ 


General Aspects 

Numerous approaches are being in- 
stigated in an attempt to improve the 
success and control of fracturing treat- 
ments. Some are logical outgrowths 
based on experience while others are 
of a theoretical nature. Together, these 
changes and modifications have bene- 
fited the industry by causing a wide 
variance in current methods. Although 
they have not all proven superior to 
past procedures, a better analysis can 
be made which so far has introduced 


a number of factors which must be 
resolved. 

Some of the factors which must be 
more clearly understood so that engi- 
neering values can be applied are: 

1. Fracture width during and after 
treatment. 
Effect of pressure and injection 
rate on fracture width. 
Rock mechanics under reservoir 
conditions. 
Effect on non-homogeneity of the 
reservoir. 
Fracture 
initiation. 
Geometry of the fracture penetrat- 
ing the reservoir. 
Mechanics of flow within the 
fracture during treatment and 
subsequent production. 
Degree and extent of skin damage 
surrounding the well bore. 
Effective permeability or flow 
capacity of a fracture. 
The occurrence of simultaneous 
multiple fractures and under what 
conditions do they occur. 
More accurate understanding of 
fracturing fluid loss to faces of 
fracture. 


orientation at point of 
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12. Transportability of propping 
agent within the fracture. 

Although this list indicates limited 
knowledge of the mechanics of pro- 
duction increases by hydraulic frac- 
turing, recent work has led us much 
closer to the answers. 

Not always is fracturing the most 
satisfactory method of well stimula- 
tion. Chemical treatments may be suf- 
ficient to remove the cause of low pro- 
ductivity without pressure parting the 
formation. Later in the life of the well 
might the need of a fracture treatment 
be realized. 

Completion. Success and control of 
a fracture treatment is dependent on 
the drilling and completion program 
used. It may be that many fracturing 
operations may not have been required 
had adequate precautions been taken 
earlier in the history of the well. Due 
to the nature of fracturing mechanics, 
it is often possible to overcome pre- 
vious well damage and help restore 
lost productivity by contacting unaf- 
fected formation. This has been done 
successfully, but often is quite expen- 
sive and many times better results may 
have been obtained with improved 
completions.*” 

Injection rate. Experience and theo- 
retical approaches indicate injection 
rate often has a decided effect on the 
results of a treatment. Tubular goods 
resist the movement of fluid be- 
cause of friction, and, for a given 
horsepower, the smaller the pipe the 
lower the rate. Using the largest pipe 
size possible will more effectively util- 
ize horsepower. Since horsepower can 
be expended as either pressure or vol- 
ume, it is better to utilize it as volume 
and not waste it in overcoming fric- 
tional resistance. 

When treating through tubing, 
horsepower losses due to friction are 
usually very high and many times un- 
economical. Often in excess of 80% 
of the surface horsepower is used to 
overcome friction. Therefore when 
possible, it is desirable for the well 
operator to design the completion to 
include a casing string of sufficient 
strength to tolerate fracturing through 
it. 

A common opinion has been that 
the deeper the well, the more impor- 
tant it is to use tubing and a packer 
for fracturing operations. Naturally 
the use of such a system can result in 
surface pressures higher than most 
casing will withstand. If the pressure 
due to friction is considered, it is 
readily seen that even very deep wells 
can usually be fractured through cas- 
ing. 

A critical point in the fracturing 
operation is the change from vertical 
io horizontal flow which takes place 
where the fracture has occurred. Both 
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there is a supply of water source, and thus add 
ackish water, AMF- nothing to existing fuel cost. 
Aquavap heat recovery They are low in initial cost, 


yrators provide a practical, inexpensive to maintain and 


il way of producing simple to operate, and are de- 
of purity exceeding livered as a complete packaged 
Health Service re- unit ready to install. Capacities 
s. These compact range from 150 to 12,500 gallons 
yperate on engine per day of fresh water. 
or any other hot 


Before you buy get the facts on light 
weight ... low cost... long life Winch- 
mobile Junior with the cross mounted 
engine which saves moving parts and 
increases hp to the drum by 15%! 


Dept. P for detailed information, 
our Engineering Department WILSON MFG C0 INC 
rd, CHapel 2-2281) * a 4 
Wichita Falls, Texas @ The Home of RED IRON 


se |) wr 


Winchmobiles Traveling Blocks Speedwinches 


maxim EVAPORATOR DIVISION 
American Machine & Foundry Company 


ioe 
WATERFORD, CONN. * Branch, DENVER, COLO. dee ae 
_ - 


Represented by THE J. B. BEAIRD COMPANY 
nreveport, New Orleans, Tulsa, Midland, Houston, New York Slush Pumps 3000’ to 25000’ capacity Rigs 
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They’ve both got a “business 


In a pistol it’s the muzzle... and in oil country tubular 
products it’s the threaded connections. This is a vital area 
that helps determine performance ‘‘life-or-death.”’ 

And it’s here that CFxI Seamless Casing and Tubing 
really has what it takes for success. 

Every thread is cut by modern machinery — then 
checked by a contour microscope that determines absolute 
accuracy of angle and form. No weak links survive to 
render hundreds of feet of pipe worthless. 

In short, CFsI Casing and Tubing holds up on the job, 
but never holds you up on the job. It’s available in 
sizes from 2%” to 95%” O. D. and meets API specification 
STD 5A. Ask your CF&l salesman for complete details. 


fA MADE IN U.S.A. 
The Colorado Fuel and tron Corporation 


Denver + Oakland « New York 
Sales Offices in Key Cities 
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EFFECT OF HORIZONTAL FRACTURES 


ON PRODUCTIVITY ; 


260 


t 
14 790% 








'f s 40% fe 


iF = 30% fe 
I = 


710% fe 


10 kh 100 


0 


FIG. 3. Effect of fracture extent on productivity can be estimated with this 
equation for various ratios of radius of drainage and radius of horizontal fracture. 


necessary to improve its ability to 
transport the propping agent. In those 
cases in which high injections can not 
be obtained, thickening the water will 
assist in transportability and can de- 


blocked a known productive reservoir. 
This same situation can exist with 
promiscuous use of water for fractur- 
ing purposes. 

Proper analysis by the well owner 


the fluid | propping agent must 
“turn the cor nd flow into the 
induced cre\ If the velocity is too 
low, the material can drop 


out as th changes direction. 


When a suffi 
the hole, a | 
occur Causin 
ing throug! 
small pipé« 
enters the 
movement 
sulting in } 


:mount falls and fills 
er the fracture can 
nd-out. When treat- 
the velocity in the 
high. As the fluid 
the rate of fluid 
uses very rapidly re- 
eating conditions. 


Selection of Fluid 


Because 
available fi 
these fluids 


one for 


most any typ 


tory, but m 
be detrimer 


Water-bas« 


turing flui 


large number of 
nd modifications of 
‘ften difficult to select 
lar well. Very often 
id would be satisfac- 
nes certain ones could 


fluids. Water-base frac- 


popular because of 


of the reservoir rock will generally in- 
dicate whether water could or could 
not be safely used. Clay minerals 
which tend to swell in water, such as 
montmorillonite, when present in ap- 
preciable amounts, will normally rule 
out the use of water. Smaller amounts 
of this type clay will generally not be 
particularly harmful if the water is 
treated. Treatment often consists of 
the addition of small quantities of cal- 
cium chloride or hydrochloric acid. 
This is usually considered necessary 
only when the fracturing water is less 
saline than that naturally existing in 
the reservoir. 

Since unthickened water has a very 
low viscosity, high injection rates are 


crease friction, resulting in higher in- 
jection rates with the same surface 
horsepower.'* Low fluid-loss additives 
are also beneficial with unthickened 
water because the low viscosity offers 
little resistance to penetration into per- 
meability. 

Most water-base fluids should con- 
tain surface active agents for the pur- 
pose of assisting removal after treat- 
ment. The proper surfactant is one 
which will act as a non-emulsifier to 
lessen the possibility of emulsions be- 
tween treating and reservoir fluids. 
This precaution is applicable when con- 
sidering any fracturing fluid and should 
not be restricted to water only. 

Acid-base fluids. Many formations 


a Table 1. Properties of Common Propping-Sand. 


and the safety 
high pressure. 
to date has been in 
vater injection and 


their cost 
while handl 
Most commo 





Permeability* Packed State 
— Darcys Porosity — %* 


Size Range 
Grade — In. 
4- 8 Angular 0.1870-0.0937 —— 
8-12 Angular 0.0937-0.0661 1745 36 
10-20 Angular 0.0787-0.0331 881 36 
10-20 Round 0.0787-0.0331 325 32 
10-30 Round 0.0787-0.0232 191 33 
20-40 Round 0.033 1-0.0165 35 
40-60 Round 0.0165-0.0098 ® 32 


gas wells as 
producing well 
Many p 


h actively resisted 
the use of water for fracturing of oil 
producing . wells. This was probably 
xperience in which kill- 
or use of water- 
completely 


based on past 





ing wells with water 
base muds had cut or 





*From Reference No. 14 
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THE INDUSTRY'S BIGGEST FAMILY OF CHOKES © 
PRESENTS THE 


New OCT 
Heater Choke... 


Specify O0-C-T® heater chokes to your tank manufacturer on your next order and 
enjoy the cost-cutting and performance advantages of this new design. 


The new O*CrT heater choke simplifies maintenance problems because many 
parts are interchangeable with other O*C+T chokes. And repair parts are readily 
available at all O*C*T warehouses or at the Houston plant. 


O-C*T designs give you extra nose length in the heater fluid. Acme-thread 
unions make installation and removal fast and easy. 


Adjustable or positive chokes can be furnished for either 3,000 or 5,000 psi 
working pressure. Either screwed or flanged connections are available. 





ut 


N-62 Adjustable Choke, N-60 Adjustable Choke, JW Adjustable Choke, PC Positive 
T-1 Positive Choke FT-108 Positive Choke Choke, for extremely high pressures. 











3 


- “ii 


' 


A copy of O-C-T’s 16-page technica! bulletin 

“O-C-T Flow Controls & Chokes" is yours for 
the asking. Just fill in this coupon and mail 
it to us. 


Name 
Company 


Address. 





a em eee eee 


N-62 Cross Adjustable Choke, 0-60 Adjustable 
C-1 Positive Choke Choke 





ahtre ~n0Griss. tt. daily ~raclle. oit CENTER TOOL CO. 


SUBSIDIARY OF FOOD MACHINERY AND CHEMICAL CORPORATION 


Address Export Inquiries for All Countries to 
P. O. Box 3091, Houston, Texas. 





CALL | respond more readily to an acid-base 

fluid than to oil or water-base systems 

i and, therefore, this type fluid is in- 

is | creasing in usage. Production from for- 

mations containing acid-soluble com- 

zs HA ponents is usually benefited by re- 

& = moval of carbonate materials as well 

SE a _ as by the introduction of a fracture. 

: , | Limestone reservoirs are most often 

oo fractured with acid solutions, and sand- 

stone reservoirs containing calcareous 

minerals are similarly treated with in- 
| creased success. 

Strong acid (15% HCl) is common | 
for limestone reservoirs, but weaker 
solutions (3-10%) are most often 
used in lime-bearing sandstones. These | 
weaker solutions are apparently as 
satisfactory as stronger ones with the 
following trend: 


Wid CONTINENT 5 





Acid Solution 
Acid Solubility — % (% HCl) 
0-10 3-5 
10-20 5-74 
20-40 7%-10 
over 40 10-15 


Similar to water-base fluids, acid can FAWICK 


be used unthickened, gelled, or emul- | 


sified, and low fluid-loss additives can | 
be added as needed. The need for modi- : 


fications will depend on reservoir prop- 


erties and tubular goods. 
ROTARY Where possible, surface active agents 
| should be used in conjunction with any 
TABLES acid solution when treating an oil-pro- 
ducing reservoir. Special care should be 
taken in selection of the surfactant be- 
cause either or both the live acid or 
spent acid can emulsify readily with 
many crude oils. 

Oil-base fluids. The most common 
fracturing fluid used today is unthick- 
ened refined or lease oils. This fluid is 
normally satisfactory in any oil-pro- 
ducing reservoir. Where viscosity is not 
critical, use of oil produced from the 
formation should minimize the possi- 
bilities of incompatibility that can exist 
with other fluids. Although oil is not 
always the most satisfactory, it can be 

| used more universally than other fluids. 
SURE SERVICE — SURE SUPPLY Crude oils can be gelled or emulsi- SURE SERVICE — SURE SUPPLY 
fied to improve their flow properties 
and propping agent transporting ability. 
The lower the viscosity, the higher the 
necessary injection rate for proper 
placement. 


7 


Propping Agents maca.t 


MCl-1 
Even though a very small fracture 
or crevice can give a high effective flow f)- N INENT 
g capacity, use of an agent to hold the 


SUPPLY CO. fracture open is beneficial to produc- | SUPPLY Co. 





tivity.'* Sand has been used almost uni- 
3EST INDEPENDENT versally for this purpose and many | THE WORLD’S LARGEST INDEPENDENT 
PPLY COMPANY sizes have been made available. Some OIL FIELD SUPPLY COMPANY 
Mid-Continent Building, Fort Worth, Texas | Of the most common grades together Mid-Continent Building, Fort Worth, Texas 


Export Division: 45 Rockefeller Plaza, with their properties are given in Ta- Export Division: 45 Rockefeller Plaza, 
New York 20, N.Y. Cable: MIDCUMPORT NYK ble 1. New York 20, N.Y. Cable: MIDCUMPORT NYK 


Sand used for propping has one in- 
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MID-CONTINENT 


SUPPLY CO. 


THE WORLD'S LARGEST INDEPENDENT 
Oli FIELD SUPPLY COMPANY 


Mid-Continent Building, Fort Worth, Texas 
Export Division: 45 Rockefeller Plaza, 
New York 20, N.Y. Cable: MIDCUMPORT NYK 
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herent weakness: sand in a packed state , 


within a fracture will begin crushing at 
approximately 4000 psi overburden 
pressure. In a packed state there should 
be the maximum of load bearing points, 
and any lesser degree of pack should 


begin crushing at a somewhat lower | 


pressure. Even though sand will crush, 
it has been used in very deep wells with 
success. This does not imply that other 
propping agents might not have been 
superior under these extreme condi- 
tions. 

Many companies are currently work- 


ing on new and unique agents for this | 


purpose, and methods have been devel- 
oped to indicate the size, type, and 
amount to give adequate support with 
maximum flow capacity.'5:'°:"" 


Two apparently opposite approaches | 
for propping of fractures are consid- 
ered. One is to pack the fracture com- | 


pletely in order to hold it open to the 
maximum width. The other is to place 
a sparse mono-layer, thus increasing 
effective permeability as compared to 
the packed system. Each technique has 
advantages and disadvantages. 
Complete packing results in a finite 
flow capacity but can maintain a wider 
fracture. Many formations are rela- 
tively soft and incompetent and prop- 
ping agents will imbed. A multiple 
layer under this condition should limit 
the imbedment and movement of for- 
mation fines and maintain a higher 
permeability in the middle of the pack. 
In this manner it would function similar 
to a sand pack commonly used for sand 
control in unconsolidated formations. 
If crushing occurs and multi-layers are 
originally present, width of the resultant 


fracture should still be greater than if | 


a mono-layer of the same propping 
agent were used. 

The partial mono-layer technique 
requires rather difficult and closely con- 
trolled proportioning and placement, 
but should result in very high flow 
capacities if the propping agent is prop- 
erly placed.'’ This procedure is appli- 
cable only where the propping agent 
will not imbed in the formation. 

To use this approach properly, test- 
ing of formation cores is necessary to 
determine proper particle size, type of 
particle, and concentration necessary to 
give adequate propping. 

Proper placement of a partial mono- 
layer is theoretically sound only in a 
horizontal fracture and, therefore, pro- 
ponents of this method attempt always 
to induce such a fracture. 


Design of Fracture Treatments 
One of the major advancements in 
fracturing techniques has been an out- 
growth of a paper presented by Pan 
American in 1957.'* This paper gave a 
theoretical treatise on the advantage of 
improved fluid properties for fracture 


FOR 


CEMENTING 
~ \ EQUIPMENT 
\ 


COLLARS 


mi = BASKETS 
SCRATCHERS 


CENTRALIZERS 


SURE SERVICE — 
SURE SUPPLY 


MC4-1 


MID-CONTINENT 


SUPPLY CO. 


THE WORLD'S LARGEST INDEPENDENT 
OIL FIELD SUPPLY COMPANY 





Mid-Continent Building, Fort Worth, Texas 
Export Division: 45 Rockefeller Plaza, 
New York 20, N.Y. Cable: MIDCUMPORT NYK 
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ALWAYS A FULL DOLLAR'S VALUE FROM AJAX 


Equipment investment costs are Introducing the 


NEW 
more critical f day than ever before. DP-80 11x 14” 


, ; GAS ENGINE 
Awarene »f this fact is the reason 80 Usable Horsepower 


for the addition to the famous crafts- 
manship quality line of Ajax Engines 
of this new intermediate 80 Usable 


horsepower 


With Ajax you don’t have to buy 
more than you need in horsepower to 
still have a safety reserve and eco- 


nomical o; ition. 


Simple but massive construction for 
easy low cost maintenance and long 
life — rugged special clutch for 
limited attendance — thermo-syphon 
cooling ire just a few of the full 


dollar value Ajax features ... 


AJAX ENGINES 


AJAX IRON WORKS CORRY, PENNSYLVANIA 


OIL FIELD DISTRIBUTORS: The National Supply Co., Pittsburgh, Pa. 
@ Bethlehem Steel Co. — Supply Division, Tulsa, Oklahoma 
@ Mid-Continent Supply — Fort Worth, Texas 
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possible fracture area as a function of 
fluid efficiency. xf 
The equation for estimating the frac- 


ture area was given as: \ { 
= 
Q,W 2 me 
A =—— 
; iver ns 


extension and methods of calculating CALL 


CG (e*-erfc(x) + >a 1) 


i 
YD 


le fin oe _ ~~ 


2C \/nt 
where: x = —~ ai ae a 3 
WwW . 
f 
A = total area of one face of the - ~ 
fracture at any time during : 
injection, ft?. ae ', or 
the constant injection rate | 
during extension, ft*/min. FOR 
total pumping time, min. 
the constant fracture clear- 
ance, ft. 
a constant which is a 
measure of the flow resist- 
ance of the fluid leaking 
off into the formation 
during fracturing opera- 
tions. 





This equation was based on certain 
assumptions and additional known or 
assumed values must be used to satisfy | 
it. No attempt is being made here to go | 
into the basic equations or assumptions | 
as they are clearly defined in the orig- 
inal paper. 

A number of fracture design proce- 
dures have been based on this prelimi- | 
nary work and are currently in field 
usage.'*:7,19.2° Qne of the major dif- | 
ferences between the various methods | 
is the assumption of fracture width. 

This varies between 0.1 and 0.25 in. 
and results in a considerable difference 
in fracture area. 

Although assumptions limit the accu- 
racy of Equation 1, much has been 
learned through its use. This equation 
does not, in any way, go into the me- 
chanics of treatment. It states, - SINGLE OR 
essence, that a fluid of a certain effi- 
ciency pumped at a given rate should MULTIPLE COMPLETION 
form a fracture having a certain area 
based on an assumed width. 

Placement of propping agents is a SURE SERVICE — SURE SUPPLY 
completely different problem. Experi- 
ence, based on expanded design proce- 

| dures, has shown that in general much 

SURE uc SURE | more sand, in both total quantity and 
SERVICE SUPPLY concentration, can be transported and 
‘ placed in most formations than previ- 

ously considered possible. MCé6-1 


MCS5-1 ° aa 
Fracturing treatment design involves | 

MID-CONTINENT the often difficult task of fixing many | MID-CONTINENT 
variables. For example, it may be that 
a given area of fracture is desired. This 

SUPPLY co. area is generally derived from an equa- SUPPLY co. 

THE WORLD'S LARGEST INDEPENDENT tion for the productivity ratios before THE WORLD'S LARGEST INDEPENDENT 

OIL FIELD SUPPLY COMPANY and after treatment as related to forma- OIL FIELD SUPPLY COMPANY 


tion and fracture relative permeabilities Mid-Continent Building, Fort Worth, Texas 














Mid-Continent Building, Fort Worth, Texas : 7 
Export Division: 45 Rockefeller Piaza, and radial extent of fracture from the | Export Division: 45 Rockefeller Plaza, 


New York 20, N.Y. Cable: MIDCUMPORT NYK well bore. The basic equation was orig- | New York 20, N.Y. Cable: MIDCUMPORT NYK 
inally presented in 1957 in the form: | 
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LOS ANGELES 


MIDCONTINES 


COMBINATION 
PIN DRIVE UNITS 


Improve Kelly driveyaction 
and extend pipe capacity. 
Four pins of Varco Roller 
Kelly Bushing engaging Te 
pin holes of Varco Solid 
Master-Casing Bushing, 
drive Kelly with a more 
positive, firmer action. 
Master Bushing handles all 
casing sizes to 13%”, and 
the slip bowl has 4” 
additional backing which 
permits use of extra long 
slips for deep drilling. 


Pins 


at outer 


corners 





FOR INFORMATION 


ABEGG & REINHOLD CO. \ 


2533-41 EAST 26TH STREET 
54. CALIFORNIA 


IOUSTON, TEXAS 


B-78 





Q,: nse, In r¢/Ty 
Q (Kh), ~ (Kh), + (Kh), 
In r./Ty 
(Kh), ~ 


Where: Q. = well productivity before 
fracturing 
Q;=well productivity after 
fracturing 
re = radius of drainage 
re =radius of horizontal frac- 
ture 
rw = radius of well bore 
(Kh), = Kh of unfractured forma- 
tion 
(Kh)- = Kh of fracture 





+ 


(3) 


This equation is applicable only to 
radial horizontal fractures and does not 
include any effect of skin damage. Lim- 
itations and assumptions are defined in 
the reference which limits accuracy to 
approximately 10%. This is much 
closer than most of the values which 
can be obtained and entered into the 
equation. Fig. 3 is a plot of data cal- 


culated by use of this equation show- | 


ing the benefit of fracture flow capacity 
and extent. 

After calculating the desired area and 
having selected a fluid based on reser- 
voir characteristics, it is then possible 
to arrive at the volume of fluid and in- 
jection rate required. These can be 
obtained from charts available in the 
design procedures. 


Horsepower Requirements 
Proper utilization of hydraulic horse- 


| power can result in more economical 


and/or more satisfactory treatments. 
Recently, methods for evaluating fric- 
tional resistance when pumping non- 
Newtonian fluids through pipe have 
been developed. **?4 

True fluids (Newtonian) can be eval- 
uated using the conventional Reynolds- 
Fanning correlation. Simplified friction 
loss curves are available which assist 
in determining the horsepower require- 
ments for Newtonian fluids.?* 

When th 4bottom-hole treating pres- 
sure for a formation is known, it is pos- 
sible to determine optimum horsepower 
requirements. One method is based on 
the following equation: 


where: P, = surface treating pressure 
BHTP = bottom hole treating pressure 
P; = frictional pressure 
P,, = hydrostatic head 


When friction pressure is equal to 
hydrostatic head, the surface treating 
pressure and bottom-hole treating pres- 
sure are equal. Since the rate is fixed, 
this results in 100% of the surface 


horsepower being transferred to the | 


formation. 
With proper knowledge of fluids be- 
ing pumped and bottom-hole pressure 


iT COSTS 
YOU LESS 
THAT WAY 


y MARTIN RUBBER & 
DUCK RINGS give excellent 
life in dirty abrasive fluids 
. . . high or low gravity ... 
much of little water , 
shallow or deep wells. They 
last for years in the easier 
pumping wells. Replacement 
rings cost comparatively little. 


¥ MARTIN PLUNGER BOD- 
IES, precision grooved, drilled 
and threaded (no underneath 
fluid passage), usually last for 
years. Tube or barrel costs are 
often cut in half. 


% The replaceable SYNTHET- 
IC RUBBER GUIDES in MAR- 
TIN CAGES last longer than 
any metal, and the cushioning 
of the ball increases your ball 
& seat life. Results are often 
truly amazing. (Patent No. 
2,591,174) 


Write for our new catalog 
or see it in the Composite 
(24th Edition). All prod- 
ucts sold thru supply com- 
panies. 
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FOR CABLE TOOL AND GAS DRILLED HOLES 


The Schlumberger empty-hole logging techniques have 
proved effective for both century-old cable-tool and the 
newer air/gas drilling. 


Logging services for empty holes include the following: 


Gamma Ray-Neutron 
Induction 
Temperature 
and Gamma-Gamma Density 


The recent introduction of the Gamma-Gamma Density 
Log—and the established interpretation know-how of 
Schlumberger—have led to effective formation evaluation 
in gas or air-filled holes. 


In addition to precise formation depths and thicknesses, 
and to lithological identifications, the empty-hole program 
now makes possible the accurate determination of porosity 
and of fluid and gas saturations. 

Consult the Schlumberger engineers in your area to de- 
termine the benefits to be derived from logging your 
cable-tool or gas-drilled wells. 
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SCHLUMBERGER 





acture conductivity tests help you make more profit 
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designed Fracture Conductivity Tester permits direct 
‘ four different propping agents in a given formation. 
‘luid flow indicates fracture conductivity. Note that 
nly partly filled graduate 1 while the flow has passed 
mark in graduates 3 and 4. 


icture Conductivity 
f several types be- 
Dowell. Over 1000 
luctivity tests have 
Dowell to help 
ffective fracturing 
wide variety of 


1oticed that recent 
nents have given 
mn increases per 
you are prob- 
vards from these 


tester shown, 
are cut from a 
the well to be 
e test plugs are 
te fractures, as- 


xible sleeves and 


placed inside the cylinders shown. 

Various propping agents are in- 
troduced into the “fractures”’ 
in the desired concentrations — 
either by hand or carried in stimu- 
lation fluid. 

Overburden pressure is simu- 
lated by hydraulic pressure applied 
to the outside of the test plugs. 

Treating fluids — with or with- 
out propping agents — are in- 
jected and left in the samples 
under pressure for 12 hours or 
more. 

Conductivity of the “fracture” 
in each cylinder is then measured 
using either reservoir fluid or a 
special test fluid such as kerosene. 

The results of these tests, plus 
other pertinent well data, are then 


interpreted through the Frac 
Guide* — engineered 
plan for designing optimum frac- 
turing treatments. 

Ask your Dowell representative 
for a free copy of the new “Tech- 
nical Report on Fracture Conduc- 
tivity.” This report deals with the 
important factors affecting the 
flow of fluids through fractures, 
such as size, type and amount of 


Dowell’s 


propping agent, formation hard- 
ness and overburden pressure. 
Dowell services and products 
are offered from more than 150 
offices and stations in the United 
States, Canada, Venezuela, Ar- 
gentina, Germany, France and the 
Sahara area. Dowell, Tulsa 1, 
Oklahoma. *DOWELL SERVICE MARK 


SERVICES FOR THE OIL & GAS INDUSTRY 


<-> 


DIVISION OF THE DOW CHEMICAL COMPANY 
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required to part the formation, the op- 
timum rate and required horsepower 
can be calculated. 
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supervisor of chemical research and de- 
velopment laboratories. 
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lt's New vrwunc & provucinc 
sue , * EQUIPMENT 


WORLD-WIDE NEW EQUIPMENT GUIDE 
COMING JULY 15 


The regular monthly NEW EQUIPMENT and 
NEW LITERATURE pages ore omitted from 
this issue only. These popular features 
appear again in the August issue. Mean- 
while, watch for the WORLD-WIDE NEW 
EQUIPMENT GUIDE, the lotest and most 
complete reference manual of petroleum 
industry equipment, services, and products 


Sees sas 


22. “Calculations for Friction Loss of Frac- 
turing Fluids”, 
menting Company publication. 





A Halliburton Oil Well Ce- 





from around the world. 
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Use of MAGNASET pays off... 


$3,000 saved as 


tubing pulling job avoided 


An operator estimates that he saved at least $3,000 on 
a South Texas well because he was able to retrieve a 
stuck subsurface control by wireline instead of being 
forced to kill the well and pull the tubing. Here is how 


this saving was made possible by 


CAMCO 


MAGNASET 


PROBLEM: Removal of Camco MA Blank- 
ing Plug from Magnaset Nipple, to produce 
lower zone of selective-zone completion. 
Sand bailer and hydrostatic bailer run to 
remove sand; hydrostatic bailer also recovers 
wires from swab rubbers used in swabbing-in 
upper zone. Conventional wireline pulling tool 
and upward jarring fail to dislodge Plug, 
indicating wedging in by swab rubber wires. 


SOLUTION: Run Camco JUM Pulling Tool, 
designed for just such a contingency. De- 
sign of JUM Pulling Tool and of Magnaset 
Lock enable locking dogs to be retracted, 
downward jarring to be utilized to drive 
Blanking Plug through Nipple, into relatively 
unrestricted tubing bore. 


RESULT: Free of restriction, swab debris 
falls to bottom. Blanking Plug now retrieved 
without difficulty by JUM Puiling Tool— 
examination of Plug proves wedged swab 
rubber wires definitely were cause of sticking. 
Cost of pulling and rerunning tubing thus 
avoided, a saving of at least $3,000. Produc- 
tion resumed with minimum delay, without 
risking reservoir damage by killing well— 
thanks to unique retrievability features of 
Magnaset. 





CAMCO 
MAGNASET 
LOCK AND 

MA BLANKING 
PLUG 


Debris fails 
away 


Detailed information on the advantages, applications, 
and equipment of Camco Magnaset /s availad/e in a new 


32-page brochure. Write for your copy today, 


your Camco representative 


or ask 


“PRODUCING PETROLEUM PROGRESS” 


CAMCO, INCORPORATED 


Box 14484, Houston 21, Texas 


CAMCO, LTD., Belfast, U.K.-CAMCO DE MEXICO, S.A., Mexico, D.F. 











SUPPLIERS’ 


PARADE 





and Promotions 


Atlas B Company —A. H. 
Quay e of marketing. 

Black, S Bryson, Inc. — Edward 
W. Reif ales manager, Mid- 
Continer ' harles R. Bootz, works 
mana ct sales manager, 
Tulsa; Thomas F. Cc asey, Jr., account 
execul I Continent region; 
William H resident manager of 
Tulsa 


Appointments 


Vioody 


Bradf itories—John V. 
Slyker, eld engineer, placed 
in char Midland. 

Buc} Selden A. Stone 
named ales manager. 


Chicago Pneumatic Tool Company — 
Guy J. Coffey elected chairman of the 
board and chief executive officer; Norman 
Readman, new president; Thomas F. 
Noonan, vice president and comptroller; 
Carra L. Lane, vice president and man- 
ager of plant operations. 


Continental-Emsco Company — Perry 
Jack Allen named manager, Green Tri- 
angle products sales. New store managers: 
Ronald Bourg, Morgan City; Edmund 
Specht, Longview; Jake Massey, McAllen; 
William Josting, Natchez; Ed Brewer, 
Winnsboro; William Knapp, Bakersfield; 
Carl Challis, Kilgore; Clifford Mayo, 
Palestine; Glen Frost, Jena; Ernest Tar- 








WwW. Cc. 


NORRIS 


BUTTERFLY 
VALVES 


y} ge] 


Versatility - Economy 


Now you can reduce costs and simplify valve specifying by using 
he highly versatile and economical Norriseal Wafer Type But- 


terfly Valve. 


Designed for working pressures to 150 psi, the 


Norriseal Valve features removable and interchangeable rubber 


nd metal seats. . 


epairable. 


. takes up less line space . . . 
ind quickly removed for “on-the-spot” maintenance . . 


can be easily 
. is field 


The wide selection of trim available qualifies the 


Norriseal Valve for use in many oil field and industrial appli- 


itions 


Write for prices and complete literature today! 


BUY FROM YOUR NORRIS DISTRIBUTOR 


P.0.BOX 1739 °+ 


W. C. NORRIS DIVISION 
CORPORATION 


TULSA, OKLA, 


BRANCHES: Great Bend, Hous- 
ton, Kilgore, Odessa, Wichita 
Falls, Salem, Casper, Farmington 





kenton, Wichita Falls; Engel Schmidt, 
Leeville; and Bob Hull, Hennessey. 

Dresser Industries, Inc. — Former Sec- 
retary of the Treasury, Robert B. Ander- 
son, rejoined the board of directors. 

Grant Oil Tool Company — Anthony 
A. Sylvester promoted to secretary-treas- 
urer. 

The Guiberson Corporation — Earl W. 
Davis, field sales manager; H. H. Me- 
Kinney, manufacturing manager. 

Halliburton Company — Travis F. 
Phillips elected regional vice president. 

Hunt Tool Company — B. D. Richard- 
son named branch manager of Houston 
Engine & Pump Company. 

Jones & Laughlin Supply Division — 
New district store managers: O. ‘ 
Shepherd, Central Oklahoma district; C. 
B. Cress, North Texas-Southern Okla- 
homa district; F. R. DeWitt, Eastern 
Oklahoma district; G. R. Edwards, Shreve- 
port; G. L. Berry, St. Elmo, Illinois. New 
store managers: A. J. Chelf, Perry, Okla- 
homa; J. A. Baker, Trenton, Nebraska. 
New salesmen assignments: H. B. Car- 
ruth, Jr., Longview; B. E. Irby, Ruston; 
J. B. Williams, Mexia; A. A. Bell, Luling, 
Texas. 

National Supply Division — Charles C. 
Mabry appointed manager of Kilgore, 
Texas, store. 

W. C. Norris Division — G. W. Russell 
named salesman in West Texas sales di- 
vision, Abilene; Charles Sonnier, sales- 
man in Gulf Coast division, New Iberia. 

R. 
Harris named district representative, 
Pawhuska, Oklahoma; Ellis P. Festervan 
new field representative at Houston; 
Howard R. Dierking named district rep- 
resentative, McCook, Nebraska; Vernon 
L. Allmand, new field representative at 
Shreveport. 

Parker Seal Company — William Swan 
named Western sales manager. 

Plastic Applicators, Inc. — R. C. Booth, 
member of board of directors, named 
vice president in charge of sales. William 
D. Rollins, Jr., named manager of Pipe 
Inspectors Division. 

Rector Well Equipment Company 
Ted E. Frisbie, new field sales and service 
representative, Casper; Marion M. Bell, 
new sales representative, Midland. 

Schlumberger Well Surveying Corpora- 
tion — Dr. N. A. Schuster named vice 
president-technique, Ridgefield, Con- 
necticut research facilities; M. Rex Curtis, 
sales manager for Southern Rocky Moun- 
tain Division, Denver; J. A. Mullinax, 
assistant to the manager of Rocky Moun- 
tain area; L. T. Hallman, location man- 
ager, Kimball, Nebraska; F. W. Beazley, 
location manager, McCook, Nebraska; 
W. E. Bachman, sales engineer, Hunting- 
ton, West Virginia; Jim Matlock, senior 
sales engineer, Tulsa; J. A. Bodin, South- 
west area manager, Houston; I. L. Rob- 
erts, Northwest Texas area manager, Fort 
Worth, G. C. Hepburn, Louisiana Gulf 
Coast division manager, Lafayette. 


Tretolite Company — A. J. Fox, assist- 
ant to sales manager, named sales man- 
ager for Petrolite Limited, Eastern 
Hemisphere division, London. 

U. S. Industries, Inc. — Herbert T. Kerr 
named assistant treasurer. 

Universal Atlas Cement Division — 
Holden G. Anderson appointed manager 
of oil well cement sales, Houston. 

The Western Company — Frank 
Swinehart promoted to operations super- 
visor at Woodward, Oklahoma. 
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Halliburton Company announces move 
of five officers to Dallas from the com- 
pany’s long-time Duncan, Oklahoma 
headquarters. Executives included in the 
move are L. D. Campbell, chairman of 
the company; L. B. Meaders, president; 
R. G. Kelly, senior vice president; John 
P. Harbin, financial vice president; and 
Marvin Brummett, vice president and 
secretary. Manufacturing facilities and 
general offices remain in Duncan. 

Frank Wheatley Corp. —R. P. Hum- 
mel named chief engineer; Vernon Walker, 
sales representative, Rocky Mountain- 
Kansas area; J. O. Lindsey, special sales 
representative, Oklahoma; John Ander- 
son, representative at large. 


General News 


Atlas Bradford Company is the new 
name for all divisions of the company 
following their integration into one 
organization. This is result of merger of 
Bradford Supply Company and Atlas Pipe 
Inc. last year. Hardy-Griffin Engineering 
Corporation and Universal Inspection & 
Service Company were Atlas divisions at 
that time. 

The Cabot Corporation, Machinery Di- 
vision, announces appointment of Ing. 
Adolfo Iglesias of Buenos Aires as dealer 
in Argentina for Franks and Cabot oil 
production equipment. 

Dynaquip, Long Beach, has purchased 
from Axelson-Garrett, Division of U. S. 
Industries, Inc., the Hydrax hydraulic 
pumping unit line. 

Geophysical Service Inc., subsidiary of 
Texas Instruments Inc., has opened a new 
supervisory office in Brisbane, Queens- 
land, Australia, with E. J. Malovich in 
charge. 

Houston Oil Field Material Company, 
Inc. announces opening of new stores at 
Frankston and Longview, Texas. 

Ingersoll-Rand Company has com- 
pleted acquisition of Aldrich Pump Com- 
pany, producer'‘of reciprocating pumps for 
the petroleum and general industry field. 


Lufkin Foundry and Machine Com- 
pany has completed an agreement with 
Oilfield Equipment Corporation, Denver, 
to procure manufacturing and distribu- 
tion rights to the Mark II sucker rod 
pumping unit. 

Magcobar Mud Company, Inc. is the 
new name of the former Northern Mud 
Company, Inc., Rocky Mountain distribu- 
tor of the Magcobar line of drilling mud 
products. 

National Supply Division has completed 
transfer of 35 managerial employees from 
Pittsburgh to Dallas to direct operations 
of its newly-established oilfield sales 
headquarters. 

Oil Center Tool Company has an- 
nounced a new South American manu- 
facturing plant at Cordoba, Argentina, to 
produce O-C-T oilfield equipment and 
products of other subsidiaries of Food 
Machinery and Chemical Corporation. 

Tube Turns Plastics Inc. opened its 
new plastic pipe plant in Garland, Texas, 
near Dallas, to produce standard shapes 
and custom-molded thermoplastic parts 
for the petroleum and other industries. 

WIDE, Inc., a sales organization char- 
tered to provide manufacturers with 
domestic and foreign sales representation, 
has been established in Houston. The 
company devotes its attention to sale and 
marketing of products used in drilling, 
producing, pipeline, and processing 
plants. 
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This 1 The Gasolstie Mahe 
They Said Couldn’t Be Built 


Maloney-Crawford has designed, manufactured and put on stream 
an 18 MM SCEF/D plant which incorporates lean-oil absorption, 
refrigeration and hot-dry still. This dispells once and for all the 
belief that a small plant must limp along on outmoded and inefficient 
processes merely because of its size. Maloney-Crawford has made a 
habit of injecting fresh ideas into the gas processing business. For 
example, this plant was all Maloney-Crawford, from conception to 
completion. By doing the entire job under one roof, M-C can produce 
a low-cost plant that will give a quick payout, even on smaller 
streams. Here’s more facts of interest to profit-minded management: 
Recent reports from Graridge Corp., the operator, show the plant is 
recovering 75% plus of the stream’s propane, 100% of the butane 
and 100% of the natural gasoline. M-C can do the same for you by 
combining its thorough knowledge of the fundamentals of natura! 
gas with creative engineering and careful manufacturing. Make us 
prove it! Send.us your gas analysis. 


If you produce or process natural gas, write for our free 
12-page “Maloney-Crawford Gas Story”. 


Maloney-Crawford 


Box 659 Tulsa 
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EXPLORATION ACTIVITIES 





ALASKA 


StanCal and Pan Am Work 
Interior Department Leases 

The Department of Interior has 
announced approval of five-year con- 
tracts with Standard Oil Company of 
California and Pan American Petro- 
leum Corp. for exploration and oil and 
gas development in Alaska. The con- 
tract with Standard covers approxi- 
mately 247,000 acres in the St. Elias 
development located east of Icy 
Bay along oast of the Gulf of 
Alaska, about 300 miles southeast of 
Anchorage. The Pan American con- 
tract covers about 586,000 acres in the 
Baird Inlet development area, located 
north an st of the Kuskokwim 
River, about 450 miles west of Anchor- 
age and 5 les west of the town of 
Bethel 


AUSTRALIA 


Union Oj! Continues Tests 
Of First Aussie Well 

Union Oil Company of California’s 
first exploratory well in Australia, the 
Cabawin No. 1, has been undergoing 
shut-in pressure tests. Preliminary sus- 
tained production tests for three weeks 
showed an average of 60 bbl of high- 
gravity oil | lay from the interval 
9925 to 10 Final evaluation of 
the well will follow tests of other inter- 
vals. Seismic work is continuing to 
determine the best location for a 
second exploratory well. 





Stratigraphic Test Abandoned 
On Mornington Island 

Delhi-Santos Mornington Island, in 
the Gulf of Carpentaria, has been 
abandoned at a depth of 2764 ft after 
encountering granite. A second loca- 
tion has been selected approximately 
20 miles east-northeast of the first, 
based indications of 
several faults toward the northeastern 
portion of the island 


BOLIVIA 


Deep Wildcat Finds 
Oil and Gas Zones 

An oil and gas discovery in southern 
Bolivia has | made by Chaco Petro- 
leum, S. A erator of a 443,400-acre 
lease held jointly by Chaco and three 
other Bolivian subsidiaries of U. S. 
companies. The well, Algarrobilla No. 
1, is approximately 40 miles northeast 
of the town of Yacuiba, located on the 
Bolivia-Argentina border. A drillstem 
test from « yne indicated gas con- 
densate and oi! production and a test 
from another » indicated gas con- 


geological 


B-84 


densate production. Total depth of the 
well is 12,890 ft. 


Gulf Wildcat 
Makes Major Find 

Gulf Oil Corp. has made an appar- 
ent major oil discovery in the east- 
central portion of Bolivia about 30 
miles northwest of Santa Cruz. The 
well, tested at 1570 bbl a day of 51- 
gravity oil through a %2-in. choke, is 
located on the Caranda structure and 
was drilled to 3600 ft. The productive 
sand appears to be over 100 ft thick. 


CALIFORNIA 


California Accepts 
Bonus Lease Bids 

The California State Lands Com- 
mission has accepted a cash bonus offer 
of $9,550,000 for an oil and gas lease 
in an offshore area near Point Concep- 
tion in Santa Barbara County. The 
high bid for the 4250-acre lease 
known as Parcel 2, was from Texaco, 
Inc. The commission also accepted 
Richfield Oil Corp.’s high bonus bid 
of $1,355,111 for Parcel 3, adjoining 
Parcel 2, and awarded a lease for oil 
and gas development. 


CANADA 


Belly River Formation 
Yields New Production 
Canadian Homestead Oil Limited 
has successfully completed a discovery 
well in a new productive horizon, the 
Belly River formation, in the Willes- 
den-Green oil field area of west-central 
Alberta. The well was tested at 336 bbl 
per day through a 20/64-in. choke 
from 24 ft of net pay sand at 5010 ft 
deep. Nearest production is % mile 
away from the Cardium sand, and 
nearest production from the Belly 
River horizon is 1% miles away. 


GREECE 





BP To Explore 
Grecian Possibilities 


BP Exploration Company (Greece) 
Ltd., has started geological survey 
work in western Greece, following rati- 
fication of the concession agreement. 
Surveys are in the province of Aetolia- 
Akarnania and the islands of Lefkas 
and Cephalonia and have the object of 
locating possible sites for a first test 
well to be drilled in 1962. These oil 
search activities are being conducted 
by BP Exploration (Greece) as oper- 
ators of the concession held by the 
Aetolian Oil Company S. A. (jointly 
owned by BP and the National Bank 
of Greece) over an area of about 2000 
sq miles. 


LOUISIANA 


Major Gas Reserves Found 
In Southern Louisiana 

Production tests on a Tidewater Oil 
Company wildcat have indicated dis- 
covery of major new South Louisiana 
natural gas reserves in the Hollywood 
field. The well, Southdown No. 12, 
drilled to 16,588 ft, has an indicated 
517 ft of net producing formation 
from 13 gas-bearing sands. Three of 
the sands with 147 ft of net pay are 
deeper than any previously discovered 
in the Hollywood field. 

During a 6-hr production test of the 
deepest sand, through perforations in 
the 16,462-72-ft interval, the well 
flowed 3200 Mcf of gas and 117 bbl 
of 48-gravity condensate per day 
through a 9/64-in. choke. Flowing 
tubing pressure was 9710 psi; after 
shut-in for 30 min, wellhead pressure 
increased to 11,920 psi. 


NEW MEXICO 


Lea County Wildcat 
Hits in Ellenburger 

J. C. Williamson’s No. 4 Westates- 
Federal has been tested at 20 bbl per 
hr from a zone at 6985-7040 ft. Con- 
sidered a geological wildcat, the well 
is a proposed 10,000-ft probe of the 
Ellenburger zone in the shallow 
Langlie-Mattix pool. 


OKLAHOMA 


Gas Discovery Added 
To Wilburton Pool 

A gas discovery made by Ambassa- 
dor Oil Corp. in the Cromwell sand 
in Latimer County has added a new 
pay zone to the Wilburton Pool opened 
by Ambassador last November. The 
well flowed 8,068,000 cu ft of gas per 
day through a 1-in. choke from per- 
forations at 9216-27 and 9241-49 ft 
after a 1000-gal acid wash. Shut-in 
bottom-hole pressure was 4981 psi. 
The well is located about one mile 
west of the company’s No. 1 W. M. 
Williams unit which opened the Wil- 
burton Pool through a gas discovery 
in the Atoka sand. 

Another Ambassador wildcat, the 
George W. Muncey Unit No. 1, is 
being drilled approximately 18 miles 
east of the discovery well. 


TEXAS 


Central Texas Region 
Under Geologic Study 

Dr. William R. Muehlberger, Uni- 
versity of Texas geologist, has received 
a $2800 National Science Foundation 
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grant to survey the Central Texas 
region which separates two of the 
state’s most productive oil and gas and 
mineral areas. He will make studies 
of magnetic and gravitation fields along 
the Ouachita Fold Belt to determine 
major geologic structures and types of 
rocks. The area to be studied is 
bounded by Taylor, Lampasas, Marble 
Falls, and Austin. The region is flanked 
on the north by the Fort Worth Basin, 
rich in oil and gas deposits, and on the 
south by the mineral-laden Llano Up- 
lift. 


Crestmont to Develop 
North Texas Leases 

Crestmont Oi] Company has con- 
cluded an agreement with Fremont 
Valley Lands, Inc., for the exploration 
and drilling of oil and gas wells in the 
north Texas area. Crestmont will drill 
and operate the completed wells while 
Fremont will supply all of the working 
capital. Plans call for drilling at least 
seven wells in 1961. The first well, the 
Nannie Greenwood No. 1, is com- 
pleted and flowing 154 bbl per day 
through a 24/64-in. choke. A second 
well, the B. W. Cooper No. 1, has been 
started. 


Major Gas-Condensate 
Discovery Announced 
Completion of the M. L. Davis No. 
1 as a major gas-condensate discovery | 
in Matagorda County has been made 
by Tenneco Oil Company. Drillstem know your reservoir... 
tests indicate about 250 ft of net pay know your future 
in seven separate gas-condensate reser- 
voirs in the interval between 10,790 ft 
and 12,214 ft. All seven reservoirs are 
in the Frio sand. The well was com- 
pleted through perforations at 12,090- Each zone has its own unique fluid make-up. And to maintain 
120 ft. From this zone, the well flowed an optimum balance between this “productive personality” and 
3,655,000 cu ft of gas per day with 267 the operator’s desired income, it is necessary to establish pressure- 
bbl of condensate per MMcf on an volume-temperature data early in the life of key wells. 
adjustable choke. Wellhead pressure 
was 5485 psi, calculated bottom-hole 


The state of hydrocarbons within a reservoir is not always 
apparent from surface production. 


From Core Lab’s Reservoir Fluid Analysis Reports you can 
shut-in pressure was 8477 psi, and cal- estimate, with reasonable accuracy, the quantity of oil in place 
culated absolute open-flow was and the amount you may expect to recover, and inaugurate the 
24,000,000 cu ft of gas per day. most effective field procedures. 

Know your reservoir, Know your future. Call Core Lab. 


WYOMING 


Indian Lands Open For » 
Oil and Gas Leasing 

Ten-year oil and gas leases are up 
for bid until July 17 for 29 units of 


zs . Write for descriptive literature. 
tribal lands from the Bureau of Indian —we sien: 4 A 


Affairs of the Department of the 
Interior. Leases are located on the 

















Wind River Indian Reservation, Fre- 

















mont County, Wyoming, and comprise 24 
8408 acres. Sealed bids will be received 
by the Superintendent of the Wind | CORE LABORATORIE ES. Inc. 
River Indian Agency, Fort Washakie, na -s0stie yee eS . 

Wyoming, and must be accompanied 
by a deposit in an amount not less than UNITED STATES CANADA SOUTH AMERICA EUROPE AFRICA 
25% of the bonus bid. 





TEXAS USA . CABLE ADORESS CORELAB 
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METROL 
“CV” VOL-U-METERS® 


¢ METROL Model 10-CV-0! Vol-U-Meters 
metering and commingling oil from four 
separate royalty interests into a common 
tank battery. 





* 

METROL 10-CV-01 Vol-U-Meters metering 
and commingling oil from seven dual com- 
pleted wells into a common tank battery. 


Vv” VOL-U-METERS® are designed for accurate metering 
| water by cyclic accumulation, isolation and discharge of 


VOL-U-METERS are available in standard sizes, 4, %, 
and 30 barrels per dump. Standard working pressures are 
nd 1200 psi. Capacities are shown in table below. 

acy of METROL “CV” VOL-U-METERS depends on 
el contro] and proper valving, both of which are obtained 

Accuracies of 99.99% are common. This accuracy is 
ie vessel’s patented snap-acting pilot mechanism.* Pilots 

METERS are reliably accurate and react at exact preset 

evels. VOL-U-METERS are approved by most regulatory 

iring oil for royalty and tax payments, testing wells, and 


parts cost for METROL “CV” VOL-U-METERS is less 

nit per year! Ruggedness and simplicity of these units, 

gh accuracy and dependability, make them the best meter 
ide oil upstream of lease storage tanks, 

| volumes, low maintenance cost, trouble-free operation, 
curate handling of production, increased field safety, and 

\utomation are among advantages provided by METROL 
METERS. 








50 («100 
cv | cv | cv 


5.0 10.0 
| 


2,000 4,000 8,000 | 15,000 
1,200 | 1/800 | 3,000 | 5,000 | 12,000 | 20,000 


e 
99.90 | 99.95 | 99.97 | 99.98 | 99.99 | 99.99 99.99 
| | 


® Trade Mark Registered U. S. Patent Office 
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RUNNING TOUR with 
MEN in the INDUSTRY 


> A. W. Breeland, vice president, per- 
sonnel of Lone Star Gas Company; 
Bacon, vice president, research and de- 
velopment; and Charles G. Barndt, vice 
president, promotion; were elected direc- 
tors of Lone Star Producing Company, a 
wholly owned subsidiary of Lone Star 
Gas Company. Willard G. Wiegel, former 
director, has retired. 





> W. D. Dauphin, 25 year veteran with 
Independent Exploration Company, was 
appointed personnel director. 


> Robert D. Bowser, previously in various 
process and design engineering posts, 
joined the petroleum consulting firm of 
D. R. McCord and Associates, Inc., 

Dallas, in charge of process and engineer- 
ing division. 


> James A. Latham, consulting petroleum 
engineer, Shreveport, Louisiana, was 
named consultant for Hycalog Inc., well 
logging, diamond coring, and bit manu- 
facturing firm, announced J. R. Mayeaux, 
president. 


> Donald F. J. McIntosh was appointed 
controller of the Los Angeles exploration 
and producing division of Mobil Oil Com- 
pany succeeding J. 0. Hills who was 
named operations superintendent of the 
Midland exploration and producing divi- 
sion. 


> Dr. Robert G. Van Nostrand, promi- 
nent U. S. geophysicist, was named by 
Rogers Geophysical Companies of Hous- 
ton as an executive of Exploration 
Geophysique Rogers, operating company 
in Europe and North Africa. Head- 
quarters will be in Paris. 


> Richard R. Von Hagen, president of 
Lloyd Corporation, Ltd., was re-elected 
president of Oil Producers Agency of 
California. Re-elected vice presidents are: 
H. D. Campbell, president, McElroy 
Ranch Co.; John H. Matkin, vice presi- 
dent, Kern County Land Co.; Lee S. 
Osborne, vice president, Union Pacific 
Railroad; and C. G. Williams, vice presi- 
dent, Universal Consolidated Oil. Ross 
McCollum, president of National Oil Co., 
was re-elected secretary-treasurer, and 
T. D. Bonney, president, Mt. Diablo, 
elected secretary-treasurer. Stark Fox was 
re-elected executive vice president. 


> J. A. Caldwell, senior production re- 
search engineer, Humble Cil & Refining 
Company, Houston, was named liaison 
representative between the National Asso- 
ciation of Corrosion Engineers and the 
Division of Production, American Petro- 
leum Institute. John S. Boldrick, Midland, 
was promoted production manager of the 
Houston area. 

Five new district offices and their man- 
agers are: Wichita Falls exploration, W. 
B. Oliver; and J. T. Baird, Tyler; both 
men report to G. L. Tate, area exploration 
manager. Homer McCarty is superinten- 
dent of Tyler production district; C. C. 
McNeil, Talco; and F. E. Meleen, Abilene 
reporting to L. H. Byrd, area production 
manager. 

Three marketing district managers are: 
W. D. Snodgrass¥ Dallas; H. I. McMillan, 
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Abilene; and J. A. Haegelin, East Texas 
district in Tyler. Area manager is P. W. 
Edge Jr. 

Appointments to several staff positions, 
Dallas office include: Production; J. G. 
Calvert, area operations superintendent, 
and S. J. Lewis, engineering coordinator. 
Exploration: J. C. Meacham, area geo- 
logist; R. M. Dawson, landman; H. L. 
Voelker, geophysicist; B. E. Maxwell, 
area scout; F. M. Samford, assistant geo- 
logist; A. C. Blocker, staff landman, and 
W. J. Whaley, assistant area geophysicist. 
Marketing: William Poindexter, assistant 
marketing manager; R. M. Naugle, con- 
sumer sales manager; J. T. Edwards, 
operations manager: W. A. Dreier, retail 
sales manager and E. T. Peterson, area 
staff assistant. 

Five new coordinators for headquarters 
production department are: Douglas Rag- 
land, M. W. Hankinson, Frank Holmesly, 
Harry Pistole, and Dale Woody. 

Appointments to two staff positions in 
its Southwest Region Exploration depart- 
ment are: Thomas D. Barrow, and Ralph 
W. Garrett. 

Twelve staff appointments to the South- 
east Region were made. 

Five appointments to the Regional 
Marketing department headed by E. M. 
Jolly are: T. F. Smith, D. M. Savage. C. 
B. Newland, E. T. Barrett and J. B. S 
Pierre. 

Reporting to O. L. Furse, Regional pro- 
duction manager: B. E. Crowder, P. D. 
Baker, C. M. Carothers and L. E. 
LeFlore. 

Assisting E. A. Murchison Jr., regional! 
exploration manager; J. K. Bridges, W. J. 
Garrison, C. S. Fleischmann. 


> B. W. Miller, formerly on Gulf Oil 
Corporation’s geological staff in New 
Orleans, was promoted to area explora- 
tion manager in Gulf’s Casper area; J. D. 
Mackay was promoted area engineer; 
Haynes L. Strider, now area engineer, 
production department staff in Casper, 
was named superintendent of drilling for 
Bolivian Gulf Oil Co., a Gulf affiliate. 


> Eldred W. Hough, professor of petro- 
leum engineering at the University of 
Texas, will become department head of 
petroleum engineering at Mississippi State 
University in Starkville, and its first pro- 
fessor in September. 


> F. F. Deaver, crude oil supply manager, 
Shell Oil Company, was appointed to the 
newly created position of manager, crude 
oil and volatiles supply, Houston, suc- 
ceeded by J. K. Moore, former assistant 
manager, crude oil supply. Also reporting 
to Deaver is G. T. Tennison, manager of 
volatiles supply. 


> Owen A. Thomas, former plant engi- 
neer of H. K. Porter Company, joined Oil 
Recovery Corporation as mechanical engi- 
neer, Tulsa division. Gene F. Vance, 
former project engineer, was transferred 
to that division as petroleum engineer. 


> Leonard Swords, former member of the 
geological staff of Union Oil Company of 
California’s former West Texas Division 
in Midland, was named manager of ex- 
ploration for Alco Oil & Gas Corporation 
of Denver. 


>» Charles R. Rider, president, Drilling 
and Exploration Company, Inc. since 


THE PETROLEUM ENGINEER, July, 1961 


1957, was named chairman of the board; 
Guy R. Brainard Jr., former executive 
vice president, was elected president. 

Re-elected officers are: E. A. Roberts 
Jr., vice president; Robert H. Huey, secre- 
tary-treasurer; Dougall C. Fraser, assist- 
ant secretary; and Gael Agan, assistant 
secretary. Newly elected officers include: 
William C. Thompson, assistant secretary, 
and Harold R. DeBona, assistant treas- 
urer 


> R. (Cotton) Makin has returned from 
Taipei, Formosa, (Taiwan), where he 
served as consultant to the Chinese Petro- 
leum Corporation. 


> James A. Goolsbee, chief process engi- 
neer, Tellepsen Petro-Chem Constructors, 
and Dixon H. Cain, former president of 
Fifteen Oil Company, have organized an 
engineering consulting firm in Houston. 


> Dr. James H. McGuirt, principal geo- 
logical consultant and advisor for Austral 
Oil Company, resigned. He maintains an 
office with the company in Houston but 
is an independent consultant. 


> Howard W. McCullough, former senior 
vice president of Brunswick Corporation, 
was elected senior vice president, Texas 
American Oil Corporation, Midland. 


> A. Paul Callahan was appointed divi- 
sion manager of West Texas-New Mexico 
division of Nutro Products Corporation. 
He is in charge of the Odessa offices and 
serves as division sales manager. 


> Joe L. Johnson purchased a partner- 
ship interest in Stephens Engineering, 
petroleum engineers, Wichita Falls, Texas. 
Fred Stephens, formerly sole owner, is 
senior partner. 


> George B. Burris, former general super- 
intendent of drilling and production, Ray 
Smith Drilling Company, Midland, was 
advanced to vice president and general 
manager. 


> Kenneth A. Wallace, former geological 
staff member of Mobil Oil of Canada, 
Ltd., joined Canadian Homestead Oils 
Limited as staff geologist. 


> R. C. “Rocky” Childers, former drill- 
ing superintendent for The Atlantic Re- 
fining Company, was recently transferred 
to the company’s Denver office as drilling 
and production superintendent, Rocky 
Mountain area. Under Atlantic’s new 
de-centralization program, drilling re- 
sponsibilities formerly held by Childers 
and his office will be placed in the districts 
and areas involved. 

Other major personnel shifts have been 
made to fill positions in the company’s 
Domestic Producing Department: J. B. 
Harrison will manage the Southwest 
Texas District with offices at Corpus 
Christi; J. L. Wilson heads the Southeast 
Texas-Offshore District, Houston; W. F. 
Kieschnick Jr., will be manager of the 
South Louisiana District at Lafayette; 
Ross F. Williams will manage the East 
Texas District which also includes North 
Louisiana and South Arkansas; P. E. 
Fletcher goes to Midland to head the 
South Permian District; B. J. Lancaster 
will manage the North Permian District, 


also at Midland; William C, Allbright 
takes over the Mid-Continent District. 

Dallas headquarters changes: C. A. 
Hutchinson Jr., will be valuation and 
budget division manager; Stuart C, Mut, 
production division manager; Tom C, 
Frick will manage newly created Gas 
Sales division. 

Stanley L. Smith, Midland, will manage 
new Rocky Mountain District in Denver, 
and Hiram E. Bond is administrative 
assistant in the foreign exploration depart- 
ment, Dallas. 


> Alva H. Stephenson, former executive 
officer with two major contract drilling 
companies, was appointed chief engineer, 
Loffland Brothers Company, Southern 
division, announced K. W. Davis Jr., 
president. 


> Donald W. Franklin, district geologist, 
Midland, Texas, for The Ohio Oil Com- 
pany was named assistant division geo- 
logist for the Houston production division 
succeeded by John W. Higgins, former 
area geologist at Roswell. Nelson Weber- 
nick, Midland area geologist fills the Ros- 
well position, and Julian Walker, Amarillo 
area, is in Midland. Changes, effective 
September 1, in production division repre- 
sentatives of the company’s crude oil pur- 
chase and sales department are: D. Joe 
Donovan, representative, Casper office, 
moves to Houston as director of the 
department’s functions, Houston produc- 
tion division; George N. Scott, Los 
Angeles division, to Casper taking over 
functions of crude oil purchase and sales 
department. William S. Sargent, Houston, 
moves to Tulsa division in charge of 
crude oil purchase and sales department; 
Atwood A. Rosen, Terre Haute division, 
will be in charge of growing operations in 
Illinois, Indiana, and Michigan. 


> George R. Bixler, B.B.M. Drilling Com- 
pany, Houston, was named president, 
American Association of Petroleum 
Landmen, succeeding Ralph L. Cormany, 
Oxnard, California. 


> R. L. Adams was named general man- 
ager of Continental Oil Company's West- 
ern Region, headquarters in Los Angeles, 
succeeding J. P. Mallot who transferred 
to Houston and is vice president and gen- 
eral manager of production. Will A. 
Rounds, former regional land engineer, 
was promoted regional coordinator of 
reserves and production acquisitions, 
Southwestern Region succeeding T. M. 
Cady who retired. 


> Harold Aab, former superintendent, 
Skelly Oil’s Farmington, New Mexico 
district, moved to Hobbs as head of the 
company’s new Farmington-Hobbs pro- 
duction district. 


> Donald Lynn Hall of H. J. Gruy and 
Associates, Inc., Dallas international 
petroleum and geological consulting firm, 
was elected vice president in charge of 
geology and exploration. 


> Appointment of Earl Cunnyngham as 
district geologist in charge of the com- 
pany’s recently opened Oklahoma district 
geological office at Oklahoma City has 
been announced by Arkansas Louisiana 
Gas Company. 
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HYCALOG 


OR LOWER COST DRILLING 


With no increase in bit cost ! 


NO RECORD FOR THE PC-91 diamond bit, this stepped up 
ate is typical where formation characteristics are suitable. 
2 speeds have been achieved in south Louisiana, south Texas, 
t Colorado. Long runs have held bit costs to no more than 
rock bits were used. And the saving in rig time, which one 
ed at $15,000 on a single bit, is all yours! 
HyYCALoc rep for actual performance records. Or better yet, 
H 1G bit set a record for you. 


YCALOG, INC 
gy, % = 


AERO DRIVE, SHREVEPORT, LOUISIANA. 
OFFICES IN PRINCIPAL OIL PRODUCING AREAS 





ARRELS * WELL LOGGING * DIAMOND CORING * CORE ANALYSIS * POWER SWIVELS | 


Small turbodrill of this type used in France 
and North Africa to drill shot holes and 
clean out oil wells. This is a 3!/2-in. OD, 50- 
stage unit with 434-in. bit. 


Small Turbodrill 
Proves Useful 
in Varied 
Field Jobs 


Small diameter turbodrills of 31 -in. 
and 3%-in. OD of 40 to 100 stages 
have been tested in France and North 
Africa for a variety of jobs. Under the 
direction of W. Tiraspolsky, the Societe 
Eurpeene D’Equipment de Turbo- 
forage of Paris, France, have devel- 
oped the small turbodrill for uses all 
the way from drilling shot holes less 
than 100 ft deep to cleaning out and 
redrilling sand bridges in producing 
wells. 

In these smaller units, fluid flow is 
from 100 to 150 gal per min with 
turbine speed from 900 to 1300 rpm. 
Power ranges from 10 to 25 hp, depend- 
ing upon the mud volume, its density 
and number of stages. First applica- 
tion was in drilling seismic shot holes 
from 30 to 80 ft deep. Drilling rates 
ranged from two to four ft per minute 
in medium hard formations (soft lime- 
stone and sandstone), and from 10 to 
15 ft per min in sand and shale layers 
using 4%4-in. drag and rock bits. 

A recent successful use was in the 
Chateaurenard field of the Paris Basin 
in France. The bottom 60 ft of a 1930- 
ft well sanded up. A 3%4-in. 52-stage 
turbodrill was run on 2-in. tubing. 
Crude oil was circulated at 127 gal per 
min. The hard-packed sand was drilled 
at a rate of two to five feet per minute. 
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Houston 
Petroleum Center 
To Open This Month 


PHASE 1 of the world’s largest petro- 
leum center, located in Houston, has 
been completed, according to James S. 
West, president of Houston Petroleum 
Center, 6001 Gulf Freeway. 

Valued at more than $7.5 million, 
the Petroleum Center will have a total 
of 350,000 sq ft of covered area on 
26% acres of ground, making it the 
largest such center in the world. 


Phase 1 of the Center, which in- | 
cludes a single story, U-shaped building | 


with 27,000 sq ft of office space de- 
signed for either large or small tenants 
A landscaped patio and courtyard con- 
nect the U-arms of the building. 


Tenants in the first completed sec- | 


tion of the center include independent 
oil operators, oil field equipment man- 


ufacturers’ representatives, and related | 


groups. 


Special services to be offered by var- | 


ious firms are secretarial and phone 


answering, personnel testing, a core | 


testing lab, market research depart- 
ment, freight forwarding agent, 


currency exchange, multi-lingual trans- | 


lation service, and a travel bureau. 


An added convenience to the ten- | 


ants, all of whom will be connected in 
some way with the petroleum, petro- 
chemical, or geophysical industries, is 


an extensive permanent log library and | 


one of the largest industrial libraries 
in the southwest. 


Other major facilities include a two- | 
story exhibit hall which will house | 


permanent displays of oil field equip- 
ment and related items. 

With the completion of Phase 1, 
construction will begin on Phase 2 of 
the Center in approximately 60 days 
and will be a twin office building to 
Phase 1. 


Leasing information on the Center 


is available from N. C. Herndon, 6100 | 


Gulf Freeway, Houston 1, Texas. 








SECONDARY RECOVERY 


RESERVOIR ENGINEERING 
Water Flooding Gas Repressuring 
EVALUATION CORE ANALYSIS 
SURVEYS ECONOMICS 
Cost Estimates, Design, Installation 
FIELD SUPERVISION 
Phone 723-2167 








' 


THE PETROLEUM ENGINEER, July, 1961 





LOOK INSIDE 
PANO YOU Witt 


TEXAS STRIPI 


IS THE BEST PUMP 
IN THE OIL PATCH 


FOR SANDY, SHALLOW 


STRIPPER WELLS... 


This pump won't sand up when the well 
is shut down because an outer jacket 
tube (cut back, above) that extends the 
full length of the pump barrel completely 
shields the plunger discharge ports from 
sand that settles out of the fluid column. 
In operation, as fluid is produced it travels 
in the annulus between the two tubes 
and is discharged near the hold-down at 
the bottom of the pump. This also tends 
to keep float sand and well trash agitated 
and suspended in the oil when the well 
is pumping. 

Texas Stripper Rod Pumps are avail- 
able in 2” and 2%” tubing sizes in a 
wide range of plunger and barrel tube 
combinations for various well conditions. 
Ask your store, or one of our factory 
representatives in any major pomains 
area, for illustrated literature. There’s no 
obligation, of course. HARBISON-FISCHER. 


"BEST PUMPS IN THE OIL PATCH’ 





Loading dock complete with hand hoist is a flat bed trailer lo- 


ile supply store on wheels ... four large 
cated across the back end of the warehouse trailers. 


»e moved easily through the oil patch. 


Warehouse area is provided by three trailers such as the one 


office, contains display shelves, rest room. 
shown here. These trailers are spotted side by side so they can be 


minature version of its larger counterpart. 


Front trailer 
Air-conditioned 


oan 
| A good Weight Indicator is not 
enough. For complete knowl- 
edge of down hole conditions 


install the Martin-Decker & 


Hydro-Me 
This unit f 


jue Assembly. 
der the rotary 
or secormdary chain and pro- 
| vides sensitive indications of: 
| Hole and Bit Conditions 
Fishing Operations 
Diamond Coring 
Air and Gas Drilling 














Li 








connected. 


Supply Store Put On Wheels 


Pros and cons of supply stores in every active petroleum 
area have been kicked around for several years. Economics 
has pressed hard at the doors of many stores. ..some of 
which had to give in. The need for equipment in many 
remote areas still exists and so long as it does, the supply 
industry will be there. When sales wouldn’t justify a full- 
fledged supply operation, Oil Well Supply Division of 
United States Steel Corporation tried its own version of the 
country “traveling store.” 

Last year, it built a portable store on skids for use in the 
Swan Hills area of Alberta, Canada. It can be moved easily 
as activity and sales change. 

The idea has worked so well and had such appeal that the 
Sales Department at “Oilwell” went a step further. The 
latest portable supply store was put on wheels. It consists 
of four large van-type trailers about 35 ft long and 8 ft 
wide. Now on location at Hennessey, Oklahoma, the four 
trailers are placed side by side so that they can be connected. 
A flat-bed truck was spotted across the rear of others to 
serve as a loading dock. 

The front trailer is the store area and contains an office, 
display shelves, counter, and rest room. It is air conditioned. 
The three adjoining trailers are connected by center doors 
and serve as the warehouse area. In a matter of a few 
hours, these units can be ready to move to another location 
... With their contents intact. 

M. F. “Mike” Hazel, “Oilwell’s” executive vice president, 
admits that this idea may not necessarily be the final answer 
to the ever-changing supply store problem. The company 
plans to continue the experiment as one approach to meet 
the economic challenge of the supply store in its effort to 
serve far-flung oil operations. 
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Record 


World’s deepest fracture job was 
completed recently in Atlantic Refin- 
ing Company’s Lucas State No. | in 
West Texas through perforations from 
16,030 to 16,210 ft. Total depth of 
the well, located 25 miles west of Fort 
Stockton, Texas, was 17,015 ft. 

Dowell performed the fracture treat- 
ment for Atlantic by injecting 145,000 
gal of gelled water and 80,000 Ib of 
sand at a rate of 33 bbl per min down 
the casing. Maximum surface pressure 
was 3500 psi. 

Bottom-hole temperature of the well 
was approximately 270 F and the 
treating fluid was heated to 160 F 
before being injected into the well. Pre- 
heating prevented damage to the 
cement from contraction and sub- 
sequent expansion that would be 
caused by cold liquid coming in con- 
tact with such a high temperature. 

The deepest previous fracture treat- 
ment on record was performed early 
this year in British-American Oil Pro- 
ducing Company’s Vera D. Hussy 1-X 
well near Lindsay, Oklahoma. The 
treatment was done by The Western 
Company through perforations from 
15,358 to 15,836 ft. Total depth was 
15,860 ft. 


Citations for service to the American 
Petroleum Institute were awarded at 
the recent Pacific Coast District Meet- 
ing to: (left to right) R. B. Hodgson, 
Tidewater Oil Co.; R. H. Newman, 
Long Beach Oil Development Co.; 
E. E. Embury, The Guiberson Corp.; 
and Floyd E. Schoonover, Monterey 
Div., Humble Oil & Refining Co. Gage 
Lund, API vice president, and Stand- 
ard Oil of California vice president, 
presented the awards. 
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Photo Courtesy Dowell, Tulsa 


... another Jones First 


JONES 
Rolled-Thread Undercut Pin 


Greater Strength-Easier Make-Up 


Rolled threads, made by cold working or displacing 
the metal into the thread form, are stronger at the 
very point where most cut-thread pin failures orig- 
inate. Steel fibers and grain are rearranged to 
follow the thread contour, providing a dense struc- 
ture at the critical thread root . . . added strength 
where it is needed most. Additional fatigue resist- 
ance is obtained by undercutting the pin shank, 
thereby eliminating the run-out thread and improv- 
ing the elasticity of the joint. The superior finish 
and gauge tolerances attained in Jones rolled- 
thread sucker rod pins reduce friction and make 
possible greater prestressing of the joint with 
equal torque. 


Ask your Jones representative for complete infor- 
mation on this new Jones development. 


THE S. M. JONES COMPANY 


Division of Buffalo Eclipse Corporation 
“eneral Office and Factory: TOLEDO, OHIO 
Sales Office: Enterprise Building, TULSA, OKLAHOMA 
Export Department: The S. M. Jones Company 
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Drilling Ship 
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Drilling, Ltd., 


of The Offshore 
nouge, Louisiana, 


from the com- 
converted from 


Simcoe. It will be 
’aso Natural Gas 


lling, the barge 
measures 252 
i draft of 15-16 
ation. Anchors 
ze the barge in 


position for drilling through a 15-ft 
square opening in the middle of the 
barge. When fully equipped, the C-1 
will be able to drill in water depths up 
to 210 ft...the maximum in Lake 
Erie. About 250 gas wells have been 
drilled in Canadian waters of Lake 
Erie. The C-1 will probably be based 
at Port Colborne, Ontario, at the north- 
east end of Lake Erie near the Welland 
Canal. 


Humble Crew Wins Award 

The drilling crew of one of Humble 
Oil & Refining Company’s West Texas 
rigs won a “Coin-Your-Idea” award 
for a unique way to separate drilled 
solids from fresh or salt water. Two 
earthern pits for gravitational settling 
were provided by coating the pit bot- 
toms with a lining of drilling mud used 
in the surface hole. The company made 
a substantial saving by using this idea 
in West Texas. 


New VP for International Drilling 

Scott A. Murray, 

former vice presi- 

dent and director of 

operations in Libya 

and Sicily for Cam- 

drill International, 

Inc., a wholly- 

owned subsidiary of 

Southern California 

Petroleum Com- 

pany, was made 

executive vice president of Interna- 

tional Drilling Company with offices 

located in Rome, London and The 

Hague. He will headquarter in the 
Rome office. 


Need 40 to 50,000 Wells: NPC 

To maintain U. S. productivity ca- 
pacity of 10,585,000 bbl/day until 
January 1, 1962, we need to drill 40- 
50,000 wells this year. This estimate 
was made recently by the National Pe- 
troleum Council Committee on Proved 
Petroleum and Natural Gas Reserves 
and Availability, chairmanned by L. F. 
McCollum, president of Continental 
Oil Company. The 10.585 million 
bbl/day capacity was the committee’s 
estimate as of January 1, 1960. To 
maintain this capacity, the committee 
estimates that between 20,000 and 
25,000 oil wells must be drilled each 





year. Experience indicates that of all 
wells drilled in the U. S., only about 
half are successful oil wells. The others 
are gas wells, dry holes and service 
wells. Without any drilling, the com- 
mittee estimates that U. S. productivity 
capacity will drop to 8.905 million bbl/ 
day by January 1, 1962. 


Canada’s Deepest Well 
Completed 


—Photo Courtesy J&L Steel Corp. 


Commonwealth Drilling Company, 
Ltd., of Calgary, Alberta, recently com- 
pleted at a total a of 16,540 ft 





Canada’s deepest well. Drilled for Cali- 
fornia Standard Company, the well is 
located at Fording Mountain, 19 miles 
north of Natal, British Columbia, in the 
Crowsnest Pass region. From an ele- 
vation over a mile above sea level, the 
more-than-three miles were drilled in 
230 days. 

This well established another Cana- 


dian record: 15,472 ft of open hole 
was drilled during the operation. Pre- 
vious depth record for Canada was 
15,282 ft. Toolpusher Rod Berean and 
Superintendent Al Howes headed the 
all-Canadian crew that set the new rec- 
ord with Commonwealth’s Rig No. 25. 
First 14,000 ft of hole was drilled with 
19.5-lb, 5-in. Grade E drill pipe. 


helen: Rigs Oneniinn | in Oil Fiek Fields of of United States peor Connde 


As reported to American Association of Oil Well Driiling Cortractors by Hughes Tool Company. 


May 8 May 15 May 22 May 29 
Alabama 6 5 
Alaska .. 9 

2 


rkansas 1 
rizona 

alifornia—Land 82 
alifornia—Offshore 
Calif.—Total 


jana 
South La.— 
Inland Waters 107 
outh La.—Land 71 
outh La.—Offshore 60 
Louisiana— Total 278 


ississippi 
issouri 
ontana 
ebraska 


_sJan. Feb. 


May 8 May 15 May 22 May 29 

New Mexico 106 106 116 
New York 0 0 0 
North Dakota 18 15 20 
Ohio 8 7 7 
Oklahoma 215 194 198 
Oregon 0 0 0 
Pennsylvania 6 6 
South Dakota 1 1 
Tennessee 0 

S. Tex. & Gulf C.— 

Inland Waters a 


A S. Rp & Guif C.— 


3 LAIR 5 gate fmf as 


Offs! 
North Texas 
Panhandle $3 
East Texas 78 
West Central Texas 160 
West Texas 96 

Texas—Total 626 
Utah 28 
Washington 1 
West Virginia 6 
Wisconsin 0 
Wyoming 53 

Total—U. S. 1775 
Western Canada 79 
Eastern Canada 


A Nov. Dec. 


_Mar. Apr. May, Jun, July Aug. Sept. Oct 
—— TOTALI960 ACTIVITY o——7 TOTAL 1961 ACTIVITY 
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RE YOUR 
DULLS 
IN GOOD 
CONDITION? 


Check out any CP “dull.” You'll 
find tooth wear is uniform ... no 
nubs or kicked-out cutters 
cones that run free and true with 
no jammed bearings, no wobble. 

These conditions are your best 
proof of our footage-producing 
tooth and bearing designs...exact- 
ing metallurgical controls . . . pre- 
cise manufacturing standards. 

The healthy condition of our 
“dulls” is yourassurance of depend- 
able performance in all formations. 

At CP we know that you've “no 
time for downtime!” 


£ 


GET THE HOLE-MAKING ABILITY you figured 
on from every bit you use. You can when you 
know it carries the CP trademark. 


Chicago Pneumatic 


FORT WORTH, TEXAS 


BITS * DRILL COLLARS 
REAMERS « TOOL JOINTS 
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| International Driller Dies 


Ate 
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Kobert L. Rose, vice president nd a 
director of Drilling and Exploration 
Company, Inc., Dallas, Texas, and 
president of Drilexco’s contract drill- 
ing subsidiary companies, died May 12, 
1961, of a sudden heart attack. He was 
49. Born in Findlay, Ohio, he attended 
The University of Texas and was grad- 
uated from The University of Califor- 
nia with a BS degree in petroleum engi- 
neering. He had been associated with 
Drilexco for 17 years and played a big 
role in the company’s growth and inter- 
national contract operations. Former 
experience was with Union Oil of 
California. 


Deep Well Patches Casing 

John Mecom’s U. S. Oil of Louisi- 
ana reached 20,598 ft on May 22 in its 
LL&E Unit S-1 about 45 miles south- 
east of New Orleans. While drilling 
ahead with 9%-in. bit, circulation was 
lost. Preparations were made to squeeze 
a hole located at about 12,000 ft in the 
1034-in. casing which had been ce- 
mented to surface from about 13,500 
ft. Plans (see The Petroleum Engineer, 
March 1961, pg. B-29) are to drill 
ahead to about 22,000 ft then ream out 
hole to 11%-in. and hang an 8%-in. 
liner inside the 10%4-in. casing. Op- 
erator is prepared to drill to 26,000 ft. 


World-Wide Drilling Activity 
Drilling in Canada took a spurt late 
in May according to AAODC reports 
for a total of 113 active rotary rigs, 
while the U. S. dropped from 1803 to 
1759 for the same period. Only Al- 
Brazil showed slight rig 
increases. Total estimated active world- 


geria and 


wide rotary rigs at end of May stood at 
2697. Venezuela who once could show 
ubout the same number of active rigs as 
California (in the 90s) now counts less 
than 30. 


Execs Visit Deep 
Oklahoma Gas Play 


Over 100 business executives toured 
parts of Oklahoma’s Anadarko Basin, 
site of some of the nation’s deepest 
Bank of 
Tulsa hosted the trip which included 


wildcat drilling. National 
stop-overs at the three giant drilling 
rigs capable of drilling to 30,000 ft 
and costing well over $1 million. Goal 
of this ultra-deep and expensive wild- 
catting is gas and gas-condensate. The 
Anadarko Basin is one of the remain- 
ing...and perhaps the largest. . .un- 
explored deep structures in the VU. S. 

The group visited three of the wild- 
cats being drilled on contract by 
Parker Drilling Company of Tulsa. 
One of the wells will go to 17,000 ft. 
another to 17,500 ft, and a third to 
20,000 ft. Because of the high cost of 
each well (over $1 million each), 
several companies are participating in 
each, but operators are Humble Oil & 
Refining Company, Gulf Oil Corpora- 


tion, and Continental Oil Company. 


ay) 


Z, 


Bob Parker, left, president of Parker 
Drilling Company, owner of the giant 
rigs visited by the group of executives, 
talks over the big deep wildcatting 
program in Oklahoma with Paul Talia- 
ferro, president of Sunray Mid-Con- 
tinent Oil Company; Falkner (¢ 
Broach, chairman of National Bank 
of Tulsa’s executive committee; and 
Marvin Millard, president of NBT, 
sponsor of the tour 
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KRALOY/CHEMTROL CO. 
AN'A ANA ~ PHILADELPHIA — DALLAS 


FITTINGS 


PUMPS 


KRALOY/CHEMTROL 
combats corrosion with plastics 


Valves, pipe and fittings, pumps, and electrical raceways are 
now available to you from one manufacturer. @ Here is the 
advantage of plastic piping and electrical conduit systems in- 
tegrated in design, manufacture and distribution. @ Corrosion 
resistance is only one of the many dynamic features of these 
modern products. @ Installation costs are reduced... fewer 
replacements are required...and the flow rate of liquids is 
appreciably increased in plastic piping due to the smooth interior 
walls. &@ From so many viewpoints these plastic products demand 
your evaluation. Ask the assistance of your Kraloy/Chemtrol 
industrial or electrical distributor... or write 

Kraloy/Chemtrol Co., 402 West Central Ave., Santa Ana, California 


KRALOY PIPING AND 
ELECTRICAL CONDUIT 


CHEMTROL PUMPS, 
VALVES AND FITTINGS 








sites 


Air line leads to man working deep within 
23-in. pipe to apply sealant at the joints be- 
tween 40-ft sections of the cement lined 
duct. 


One Way to 
Fill Welded Joints 
Of Cement-Lined Pipe 


IT’S NO PROBLEM to lay a 23-in. 
pipeline in West Texas to carry large 
volumes of flood water from the source 
of supply to the field pump station 
miles away. But Gulf Oil Corporation 
did have a problem on a recent con- 
struction job. 

Water to be carried by the big line 
contained hydrogen sulfide... highly 
corrosive. Gulf engineers had selected 
cement-lined pipe in 40-ft joints to be 
welded together on the surface three 
joints at a time. Each triple-jointed 
section was then laid in the ditch and 
welded to the line already in place. 

Big problem was how to seal and 
protect the welded joint inside the pipe 
where it was not covered with the 
cement lining. Gulf used a caulking 
material containing “Thiokol,” a seal- 
ant commonly used for waterproofing 
joints in concrete and masonry where 
extremes of expansion and temperature 
are involved. It is a two-component 
material with a “pot life” up to 3 hr 
in normal temperatures. But in the 


| Texas heat, sometimes reaching 115 F, 


working life is greatly reduced. Solu- 


| tion was to quick-freeze the mixed 


material to minus 60 F. 

The material was carried to the job 
site in insulated storage and put into 
an air-powered caulking gun for man- 
ual application. An operator crawled 
into the triple-jointed pipe after the 
welds had cooled to apply a fill of the 
compound 7/16-in. deep across the 
l-in. gap in the cement lining and over- 
lapped 2-in. on each side. When this 
triple-jointed section was lowered into 
the ditch and welded to the main line, 
the operator crawled through 120 ft 
of the line to make the fill at the welded 
joint connecting the 3-joint section to 
the main line. 
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P ETRO/CHEM sotto 


=a, bead, fi 9 |. 


MILLIONS OF YEARS 
IN A 
MATTER OF HOURS 


hat’s the effect Dr. Robert 

Sippel achieves when he fore- 
shortens geologic time with the 
two-million-volt Van de Graaff 
accelerator shown with him in the 
picture at the right. 

What’s his hurry? 

This: The Socony Mobil sci- 
entist wants to find just how, and 
how fast, one solid rock can be 

Anhydrite (white) penetrated and displaced by 

replacing dolomite. another. Geologists call this 

“replacement.” The small picture 
above gives a striking illustration of the invasion of one 
rock by another. 

Dr. Sippel’s interest is understandable. The way one 
kind of rock replaces another is closely linked with the 
formation of oil reservoirs. Better understanding of it will 
help in the endless search for new oil reserves. This is part 
of Bob Sippel’s job as a scientist in Socony Mobil, the first 
company to apply the Van de Graaff instrument to petro- 
leum exploration and basic geological research. 

Dr. Sippel uses the high-energy accelerator to bombard 
solids with protons traveling at almost the speed of light. 
This bombardment makes possible extremely sensitive 
analysis. With this, Dr. Sippel can measure processes so 
slow in nature that even if you could watch for a million 
years, you wouldn't be able to detect any change. His 
studies are so sensitive that he can detect and identify a 
layer of atoms ten billionths of an inch thick. 

Dr. Sippel is one of the 1,500 men and women engaged 
in Mobil’s $25,000,000-a-year research program — in 
which imagination is turned into ideas, and ideas into 
better products and processes. 

Probing the far frontiers of science pays off not only 
for Mobil, but for everyone who does business with Mobil 
—customers, employees, licensees, and investors. 





Dr. Robert F. Sippel’s interest in nuclear geology has a two-fold > 
origin. At Rice University, where he received his doctorate, he 
concentrated on nuclear physics. His interest in geology devel- 
oped after joining Socony Mobil, in 1954. Mobil scientists are 
encouraged to explore research areas stemming from their dwn 
special talents and interests. 





SOCONY MOBIL OIL COMPANY, INC. 
150 E. 42nd Street, New York 17, N. Y. 





The only valves with ALL these features! 


} 1. Complete identification on 
—--’ metal disc. 


2. Depressed-center, knobbed 
handwheel avoids hand injury. 


3. Hi-temperature, anti-galling 
stainless steel yoke nut insures 
trouble-free service. 


4. Stainless steel packing gland 
studs and nuts won’t corrode. 


5. Quality general purpose pack- 
ing in the only adequately sized 
stuffing box in the industry. 


6. Bolting nuts have clearance for 
socket wrenches — a real safety 
feature! 


7. Round bonnet flanges for even 
distribution of bolting stresses. 


8. Widest, best designed, spiral 
wound gasket for leak proof service. 


9. All gate valve seats hard faced 
with Stellite — standardized only 
by Vogt. 


10. Stainless steel gates hardened 
to 500 Brinell with flatness of two 
light bands (.000022 inches). 


11. All pressure parts are forged 
steel to insure safety. 


12. Maximum interchangeability 
of parts. 


13. Fillets on all corners increase 
strength. 


14. All exterior surfaces are treated 
with a phosphate coating for rust 
prevention and as a base for 
painting. 


15. A complete line of Vogt valves 
is carried in stock. 


For literature 
write to Dept. 24A-FPC. 


HENRY VOGT MACHINE CO, 
P. 0. Box 1918, Louisville 1, Kentucky 


Vogt 2". ae 


SALES OFFICES: Camden, N.J., Charleston, W.Va., ce For Direct Long Distance to 


Chicago, Cleveland, Dallas, Los Angeles, New York, Louisville dial: 502 ME 4-941] 


St. Lovis 
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> First major oil refinery in Alaska 
will be built in the Kenai Peninsula 
area by Standard Oil Co. of California, 
Western Operations, Inc. Plant will 
have capacity of 20,000 bbl a day. The 
company is negotiating for purchase 
of several hundred acres suitable for 
the refinery site. 


> A para-xylene separation unit to pro- 
duce 15,000,000 Ib a year will be con- 
structed at Suntide Refining Co.’s Cor- 
pus Christi, Texas, refinery by Ralph 
M. Parsons Co., Los Angeles. 


> Bell Oil and Gas Co. will boost 
capacity of the Ben Franklin refinery 
at Ardmore, Oklahoma, from 12,000 
to 25,000 bbl per day with completion 
of a $500,000 expansion program. 


> Freeport, Texas, will be site of Nalco 
Chemical’s new plant to convert an 
estimated 26,000,000 Ib per year of 
lead to alkyls. Fluor Corp. is handling 
design and engineering for the plant, 
to cost several million dollars. 


> A 50% expansion is planned for a 
gas processing plant near Mosherville, 
Michigan, that went into operation less 
than a year ago with daily capacity of 
25 MMcf. Ohio Oil owns major in- 
terest and is operator. Humble Oil & 
Refining Co. holds 35% interest. Bids 
on construction work are being re- 
ceived. 


> A gas processing plant to cost in 
excess of $1,000,000 will be built at 
St. Landry, Louisiana, by South Lou- 
isiana Production Co., Inc., subsidiary 
of Central Louisiana Electric Co., Inc., 
and Tidewater Oil Co. Plant will be 
capable of processing 40 MMcf per 
day of natural gas. 


> Additional gas processing facilities 
at the Goliad Corp. Wilcox plant in 
Lavaca County, near Sheridan, Texas, 
will be constructed by O. L. Olsen Co.., 
Houston, at cost in excess of $1,000,- 
000. New facilities will increase 
throughput to 255 MMcf per day while 
providing for recovery of an ethane 
product and substantially increasing 
recovery of propane. 


> El Paso Natural Gas Co. will spend 


$450,000 to enlarge its purification and 
dehydration plant at Odessa, Texas. 
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> A new butadiene extraction unit, 
first in the Western Hemisphere to use 
Shell Development Co.’s acetonitrile 
extractive distillation process, will be 
constructed at the Sarnia, Ontario, 
Canada, installation of Polymer Corp., 
Ltd. Fluor Corp. of Canada, Ltd., has 
contract, valued in excess of $1,500,- 
000, to perform engineering, purchas- 
ing and construction. 


> British American Oil will add cyclo- 
hexane facilities at its Clarkson, On- 
tario, Canada, refinery to produce the 
petrochemical for sale to Du Pont of 
Canada for processing into nylon at 
its Maitland, Ontario, plant. Ultimate 
annual capacity will be 15,000,000 gal. 


> Construction is underway on a 
$6,210,000 gas processing and sulfur 
recovery plant about 27 miles west of 
Calgary, Alberta, Canada, being built 
for Western Leaseholds, Ltd., and a 
group of oil companies. Plant ulti- 
mately will process an average of 80 
MMcf daily. 


> Crude oil processing and catalytic 
cracking facilities are being enlarged 
at Cooperative Refineries’ Regina, 
Saskatchewan, Canada, plant as part 
of a 3-year, $1,300,000 construction 
program. Crude oil capacity will be 
increased from 16,000 to 22,500 bbl 
per day. More storage facilities and 
product treating and gas compressing 
equipment will be added in 1962 and 
1963 


> An $8,500,000 plant to produce tet- 
raethyl lead will be built in Mexico by 
Du Pont Co. and Petroleos Mexicanos. 
The Mexican government agency, 
which runs the country’s petroleum in- 
dustry, will own or designate owners 
for 51% of stock of the joint company 
and Du Pont will own the remaining 
49% 


> A $15,750,000 lubricating oil plant 
at British Petroleum’s Kwinana, Aus- 
tralia, refinery will be constructed by 
Foster Wheeler in association with 
Constructors John Brown (Australia) 
Pty. Ltd. Process units to be supplied 
are a vacuum distillation unit, fur- 
fural extraction unit, MEK-toluene 
dewaxing unit, and a Ferrofining (hy- 
drofinishing) unit. Annual capacity will 
be 100,000 tons. 


This oxo alcohol unit is first completed 
petrochemical facility in the planned 
multi-million-dollar complex at Gulf's 
Philadelphia refinery. New benzene- 
cumene facilities are slated to go on- 
stream by early next year. 


> Largest lubricant plant in Europe — 
with annual capacity of 200,000 tons 
— will be built at Esso Standard Itali- 
ana’s Rasiom refinery, Augusta, Sicily. 
Plant’s yearly output will be double 
the present total Italian production. 


> New Zealand’s first refinery, with 
initial capacity of 50,000 bbl per day, 
will be built at Marsden Point, Whan- 
garei. New Zealand Refining Company, 
Ltd., will own and operate the plant. 


> Karonite Chemical Co., Ltd., a new 
Japanese company in which California 
Chemical Co. has a 45% interest, will 
build a plant at Kawasaki, near Tokyo, 
to manufacture approximately 2,000,- 
000 gal of finished lube oil additives 
and 500,000 of alkylphenols annually. 
Kao Soap Co., Ltd., has a 45% interest 
and Nomura Jimusho, Inc., has a 10% 
interest in the project. Cost is estimated 
at about $2,000,000. 


> A catalyst plant to supply the petro- 
chemical, ammonia and other indus- 
tries of the European Common Market 
is under construction near Munich. 
Chemetron Corp.’s West German affili- 
ate is handling construction. Plant will 
be jointly owned by Suchemie AG and 
Girdler Catalysts, a unit of Chemetron. 


> A polystyrene plant at Leghorn, 
Italy, with annual capacity of 16,000 
tons will be built by Foster Wheeler 
Italiana, Milan, and operated by Dow 
Chimica Italiana SpA, a Dow Chem- 
ical subsidiary. 


> Capacity of British Petroleum’s 
Aden refinery will be increased by 
1,300,000 tons to 6,800,000 tons per 
year through modifications to existing 
units. 
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selection of an antiknock was fairly 
refiner’s problem boiled down to one of 
Now it is not only “how much?” but 

f which one?” 
nge of antiknocks now available from 
opportunity to tailor antiknock selec- 
icular refining situation. This is a com- 
but its solution can be rewarding in 
and/or improved gasoline performance. 


ARE YOU 


As in the past, TEL is still the best compound for 
many refining situations. TML, with its increased 
volatility, provides superior performance in some fuels 
having high aromatic content or in engines prone to 
fuel segregation in the manifold. Mixed lead alkyls— 
equilibrium mixtures of TEL and TML—are offered 
in three formulations: ““MLA-250,” ““MLA-500” and 
“MLA-750.”” These may provide road performance 
superior to that experienced with TEL alone. In addi- 


ANTIKNOCK 
COMPOUND 


— ETHYL 
CORPORATION 
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USING THE RIGHT ANTIKNOCK? 





tion, “TELMEL” compounds-—physical mixtures of 


TELand TML—have also shown attractive road gains 
in some fuels while keeping costs to a minimum. 
Several situations in which antiknocks other than 
TEL could prove advantageous were shown in a re- 
cent Ethyl study. One case involved a regular grade 
gasoline composed of straight-run and reformate. In 
the fuel tested, a “TELMEL” mixturt would satisfy 
18°7, more manual transmission cars than could be 


satisfied for the same cost using TEL. 

Ethyl Corporation is eminently well equipped to 
assist the refiner in the selection of the proper anti- 
knock to fit his technical requirements and marketing 
objectives. Extensive cooperative studies are now in 
progress with many refiners; others have been com- 
pleted. If you have any questions involving the use of 
any of these compounds, call your Ethyl representa- 
tive and he will be happy to provide assistance. 


Ethyl Corporation 


NEW YORK + TULSA + CHICAGO + HOUSTON 


ETHYL CORPORATION OF CANADA LIMITED, Toronto 
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LOS ANGELES 


ETHYL USA (EXPORT) New york 17, N.Y. 








how to 

keep it out of 
diesel locomotive 
fuels 


Sludge can mean plugged filters and stuck 
injectors in diesel engines. 

Yet you can prevent these problems (and 
complaints) even when locomotives are refueled 
at various locations with different fuels, even 
blending straight-run and cat-cracked products. 

Many refiners use Du Pont Fuel Oil Additive 
No. 2 to protect the quality of distillates and 
particularly to overcome incompatibility be- 
tween blends of cracked and straight-run stocks. 

Most injector-sticking and filter-plugging are 
eliminated because FOA-2 is a dispersant, a 
solubilizer and a stabilizer. It reduces insoluble 
residue to small particles that flow through fil- 
ters and burn along with the fuel. It contributes 
no ash of its own, because it is non-metallic. 

And, of added importance to you as a refiner, 
FOA-2 prevents sludge from forming in your 
product in storage, in transit as well as in use. 
FOA-2 will also clean out sludge that has 
accumulated in diesel equipment (and home 
burner systems, too). 

Details? Call your Du Pont representative. 
E. I. du Pont de Nemours & Co. (Inc.), Petro- 
leum Chemicals Division, Wilmington 98, Del. 


LEAD ANTIKNOCK COMPOUNDS 
and other PETROLEUM ADDITIVES 


16. u 5 vat OFF 


Belfer Things for Better Living . . . through Chemistry 





Part 3: MASS TRANSFER—Chapter i Mass Transfer 


DISTILLATION .. « ¢ in view of modern developments 


DR. KENNETH F. GORDON, Dept. Chemical & Metallurgical Engineering, University of Michigan, Ann Arbor, Michigan 
JAMES A. DAVIES, Chief Design Engineer, Texaco, Inc., Houston, Texas 


MASS TRANSFER CORRELATIONS are based upon the 
modern interpretation of the two-film theory, which might 
be more properly known as the two-resistance theory. Three 
assumptions, which appear to be reasonably valid, are nec- 
essary: (1) that the rate of mass transfer of a component 
within a phase is proportional to the difference in concen- 
tration or partial pressure of the component in the bulk of 
that phase and at the interface; (2) that equilibrium exists 
between phases at the interface; and (3) that the holdup of 
the transferring component in the boundary layer or region 
near the phase boundary is negligible with respect to the 
amount transferred in the process. If these assumptions are 
valid, the rate of mass transfer per unit area, N/S, may be 
expressed by the familiar steady state rate equations where 
the constant of proportionality is known as the mass transfer 
coefficient k or K and is analogous to a conductance. 


N _ 


= = Koz (cy, — c*) = 


= Kog (p* — Pg) 
ke (py — Pg) = ky (cy C;) 


Gas Phase Diffusion 

In any commercial apparatus the transfer of components 
is by both molecular and eddy diffusivity. To adequately 
describe the phenomena it will be necessary to use Equation 
1 or equivalent as the basic equation. While we can call 
upon molecular theory to support our form of the equation, 
we must be careful to realize that molecular theory is only 
part of the story of transfer, since it also involves eddy 
diffusivity. 

Consider an isobaric gaseous two component system 
where A is the component of interest and B may be a com- 
ponent which is a mixture, for example, air. P = p, 
Pp and dp, = — dpg. From the definition of combined mo- 
lecular and eddy diffusion, the flux of A due to both molecu- 
lar and eddy diffusion is 


Na, piftusior de, 
‘= — D— Ew ak ok. @ 
S dz (2) 


while the flux due to bulk flow caused by the transfer of A is 


Na, Buk flow . _ (Ng + Ng) Pa 


Ic - . 3) 
S S Pa + Pp 


where 


Na — Na, Diffusion T Na, Bulk flow 


Na —-—D dca 4 (Na + Np) Pa 


= 4 
S dz Ss Pa + Pp *) 


If there is equimolar countercurrent diffusion, as is often 
approximately so in distillation, then N, = — Ng, so that 
the last term drops out and 
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de, D dp, 


= i = 
; dz RT dz 


D Pai — Pao 
RT z,-z, 
D 
and k, oe ee ee 
os RT Az (6) 
If the second component is nondiffusing as in absorption 
and desorption then 
Na — de, , (N, + 0) Pa scifi 
S dz S Pa + Pp 
P dc, 
P—p, dz 
DP dp, D d(In pg) 
RT p;, dz RT dz 


DP (Pa - Pas 
RT Ppa Z,—2Z, 


Pre — Pr, 
In Ppo/Pr; 
DP 
RT ppy (Az) - 


where Pray 


and k, = 


Liquid Phase Diffusion 
Our knowledge of liquid phase molecular diffusion is 
not nearly so well advanced from a theoretical level as that 
for the gas phase. Paralleling gas diffusion, equations can 
be written for the two cases; for steady state equimolar 
countercurrent diffusion 


Na 

2 -P = Z,—zZ, 
D 
Az 


dc, LA D(c,, - Ca.) (12) 


(13) 


and for steady state diffusion through a non-diffusing com- 
ponent 


I Ca + Cp | G&.—e¢ 
A ae D Se A I d ™ Dor a Al Ao 
. Cr d Cam 2Z,—2Z, 


(14) 


Dp; - 
+ (15 
(AZ) Cay 


In the case of gaseous diffusion the pressure and total 
molar concentration is constant throughout because for 
ideal gases every component has the same mole volume. In 
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ot always the case so that Equation 14 be- 

iit to handle. Liquid molecular diffusivi- 

dent on concentration and are usually 

legree of accuracy. As a result even 

h, Equation 14 is usually ignored and 
the situat ned by means of the Equation 12. 

In pract ire used in correlations where the 
definitior is is often inexact, diffusivities are 
known dest precision and engineering accur- 
acy is satisf \s a result few, if any, chemical engi- 
, form of the equations, employing 

work outside of academic research. 

d is not establishd.’* In distillation 

ind py/Cpy is not required as it is in 
ption. However, in much work these 
to unity so they may be neglected 
lice to the results. 


a liquid this 
comes mort 
ties are hig! 
not know! 
in acaden 


studies th 
absor ptio! 
terms W 
without 


Overall Diffusion 

1. Rate Equations 

In a complex tem such as a bubble-cap tray the inter- 
facial ar ve satisfactorily estimated, and so the 
cient is combined with an area term, a, 

‘| area per unit volume of combined 
gas and ip, a, is most popular but no more 
fundament others and the coefficients ka or Ka 
are then ri y efficiencies directly or by use of the 


mass tra 


"od. 1 


transfer 


dN K y) PAdZ = kga (y; — y) P AdZ (16) 


dN ) p,. AdZ = kya (x—- X;) pp AdZ (17) 


2. Additivity of Resistance 

The rec he conductance is known as the resist- 
ance. Ji ire four mass transfer coefficients so 
there al neces, one overall and one individual 
for both ind vapor phase. In conducting and 
ital work, one must determine sepa- 
rately tl iriables upon the individual phase re- 
sistances. 1 ty of these resistances in terms of the 
units us hown by equating the driving forces. 


evaluati 


m(xX—X,) + (y;—y) = m (x — x*) 
eke (18) 


Equations 1, 16 and 17 into ‘3 gives 


mP l m P 
t 7 : (19) 
Lp kya Koy a pr. 


As a is tor in all terms of the above equation, 
written with a’ or 4. It will be recalled 


ial Henry’s Law constant, p,/c,. 


it could 
that mP 


3. Equations in a Column 


The fi n an absorber or distillation tower are 
shown element of height dZ which includes 
cross-section area A is shown. The 
im entering the element can be repre- 
sented by | moles/hr where Gy is the molal mass 
velocity vapor phase in Ib moles/(sq ft) (hr). 
Che vap: also frequently defined as G’y A Ib. 
moles /hr is the molal mass velocity of the inert 
carrier oles/(sq ft)(hr). The composition of 
the ente! im can then be given as either Y moles 
of the comp f interest per mole carrier gas or as y, 
the mol f the component of interest in the enter- 
ing vapor ar manner the composition and amount 
of the ligt i may be written in terms of the mass 
velocity t carrier liquid L’y, of composition X, 
or the m of the total liquid Ly, of mole frac- 
tion x in tl ponent of interest. The term inert carrier 


the whol 
amount 














FIG. |. Fluid streams in a column. 


is used to indicate that the carrier is not active in the trans- 
fer process in that the carrier is not transferred between 
phases. An example is air in the absorption of ammonia 
from air by water. In distillation usually there is no inert 
carrier and G’,,, L’y,, Y, and X are then without significance. 

The rate of mass transfer in the element may be written 


dN = G’y, AdY =L’4y, AUX . . . (20) 


The dotted line in Fig. 1 shows the course of material 
being transferred between phases. The nomenclature em- 
ployed here gives dy, dx, dY, and dX all the same sign. 
In this case material is being transferred from liquid to 
vapor and the amount of the streams at | will be greater 
than that at 2. 


Since 
y 
i <% 
dy 
~(l-y)? 


Y a 


gy < 

Similarly 
dx 

A= 

‘ (1 —x)?* 
Also 

G’ 

Gy a 
l—y 
and 
Ly 


= 1—x 


The rate of mass transfer may be also written from Equa- 
tion 20 as 

hates ct (26) 

— Vm emg “M pe 
It will be noticed that for the case where a single component 
is being transferred to an inert carrier gas the rate of mass 
transfer is given by 
‘ d 
dN — GyA 
iy 

rather than G,, Ady. 


The reason for this may be readily understood if a 
numerical example is used. Consider originally 1 mole of 
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total gas consisting of 0.5 mole carrier gas and 0.5 mole 
of the material being transferred. If 0.01 mole of com- 
ponent is transferred per mole of total entering gas, there 
will be 0.51 mole of the component of interest in 1.01 moles 
of total gas and y will be 0.505 and the change in y is 
0.005. fdy = 0.005 while fdy/(1—y)= 0.01, showing 
that for large values of y the 1 — y term must be included. 


4. Transfer Units 

An alternate means of treating transfer rates is by use 
of the transfer unit. For the case of dilute gases in wetted 
wall columns, it is well known that kK, is proportional to 
the 0.8th power of the gas mass velocity Gy. To obtain a 
convenient characterization factor, a mathematical model 
has been developed and used by chemical engineers. First, 
it is assumed that in a column the gas velocity changes only 
slightly so that for a dilute gas k, a/G,, may be taken as 
constant. In a dilute gas the effect of bulk transport as 
discussed in Equations 3 to 9 is not important but for con- 
centrated gases in absorption without equilmolar counter- 
current transport the bulk transport is theoretically appre- 
ciable. The fraction of the mass transfer due to the diffusion 
iS Ppy/P. It is expected that this portion is closely related 
to the gas flow mass velocity. The not unreasonable assump- 
tion is made that k,a ppy,/P is directly proportional to Gy. 
From a practical point of view it is normally of little im- 
portance whether k,a/Gy or Kg a ppy,/PG,, is taken to be 
constant. This is because the terms kga and kga ppy/P are 
taken as being proportional to the first power of Gy, rather 
than the 0.8 power. To be consistent with the past usage 
the ppy/P term will be included. For the liquid phase a 
similar term is convenient to preserve the form of the equa- 
tion. Its use cannot be shown to be incorrect but it has 
yet to be proven necessary. The terms kga ppy/Gy P, 
kpacgy/pr Ly, Kog 4 Puw/Gu P and Koy a Cgy/py Ly are 
all taken as constant as are P and p,;. Equations 16, and 26 
may be applied to an absorption operation where an inert 
gas is present. With P constant an integration is carried out 
over the transfer zone to yield 


Ki; a Pum Z (i= Y)_ dy 


Nog \ ; : (27) 
Gy, (1 —y)(y y) 


In a similar way No,, N;, and Ng may be obtained 


Non 


Ko, a Cpy Z - | (1 — x),_ dx (28) 


Ly (1 —x)(x—x*) > 


(1 — y)_ dy 


N _ ky a Pp 2 \ (29) 
ie (1 —y)(y,;-y) Z 


Gy 


ky, aCpy Z iS 
La (1 —x)(x —x,) 


(1 —x), dx 


Ny, > (30) 


It is to be realized that the transfer coefficients to be 
used in Equations 1, 16, 17 and 27-30 are those which 
apply to the situation at hand, be it absorption of dilute or 
concentrated gas or distillation. The k’s might be obtained 
from a general correlation resembling a j-factor plot for 
dilute absorption and multiplying the mass transfer coeffi- 
cient by P/pyy OF p_/Cyy to obtain the total mass transfer, 
that by molecular and eddy diffusion plus that by bulk 
transport. 

For the distillation cases where there is equimolar coun- 
tercurrent diffusion or absorption with dilute concentrations 
the ppy terms do not enter so that there are no (1 —y) 
terms. Now k,, a/Gy, Kog a/Gy. ky, a/Ly and Koy, a/Lyy 
are assumed constant. 


Nog = 


Kog aPZ _ dy 
Gy eet. 
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_ Kora pr Z _ _ dx (32) 
= = ai + 


No = “2g = (9 (33) 
Gy bf coe 
kp ap, Z _ dx 


N —_ 
L Lu 


(34) 
X;—X 


In standard chemical engineering works such as Perry’s 
Chemical Engineers Handbook, page 555, and Sherwood 
and Pigford,'® page 139, analytic integrations are given for 
certain situations. 

As in number of transfer units, four different height of 
transfer units may be obtained. 
ee. Gy 

Kog 4 Pru 
Ly 
Koy @ Cry 
Gy 
kg a Ppa 
- 


ky, a Cyy 


Hog = (35) 


(36) 


Hy (37) 


H,, (38) 
For a low solute concentration or equimolar countercur- 
rent distillation pg, becomes P and Cgy becomes p,. 
Starting with Equation 19, which is exact so long as there 
is no interfacial resistance, and substituting the first halves 
of equations 27 to 30 a new form for the additivity of resist- 
ance is obtained. 


1 mGy (1 —X); 1 mGy | (1—X)¢ 
lnc, dis; ee ee ee 


(39) 


For dilute concentrations of gas in absorption or for equi- 
molal countercurrent distillation Equation 39 reduces to 


(39a) 


where 

mG mG, 

1= > => 

L Ly 
In the equations for the additivity of transfer units which 
were originally derived for counterflow as in packed or 
wetted-wall columns, the molal mass velocities of the liquid 
and vapor are based on the cross-sectional area A. In bub- 
ble-cap towers the liquid flows across the tray parallel to 
the area A. It must be shown that this does not affect the 
resulting Equation 39. 


FIG. 2. The dimensions of a tray. 


Ra .. 


a 


The tray shown in Fig. 2 will be considered. For a mass 
velocity Ly based on area A = BW, the total flow rate is 
L,,BW and the liquid mass velocity across the tray based 
on the area BZ is L,,BW/BZ = L,W/Z. In the derivation 
of Equation 39 there are terms which include a fluid path 
length divided by a fluid molal mass velocity, Z/G,, and 
Z/Ly. If the liquid molal mass velocity is based on the cross- 
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omplete new line of 





Pro ASS Up to 72 basic combinations of this compact new BJ Pump can 
provide a custom-engineered pump for almost any process pump- 
ing application—from standard, off-the-shelf parts! 
od Two types, models SMJ and SM/JI, offer standard stuffing box con- 
umps struction or an internally sealed version. With either, a choice of 
impellers, covers, nozzle arrangements, bearing construction, cool- 
sr ing methods and other components allow you to custom-engineer 
JES/ gn ed he Or the pump to the job without etic Aer’ ¢ oh aren’t required for 
= the service. 
naximum Also, standard, interchangeable parts simplify stocking where a 
ere of different pump applications exist in a single plant, and 
ntarch Whi ¢ compact design saves valuable floor space when installed. 
/ nt f ang eabi lity Centerline supported, single stage, the SMJ and SMJI are ver- 
tically split with either top or end suction. 
Model SMJ is suited for high temperature service to 850°F, and 
the SMJI for a maximum of 400°F. Both are available to 1,200 gpm, 
and with heads to 700 feet and pressures to 700 psi! 





Models SMJ and SMJIi Process Pumps 


Now an exclusive fan cooled bearing housing available 
on Byron Jackson SMJ and SMJI Model Process Pumps 
can et.<irely eliminate a cooling water supply to the bear- 
ings! This feature was designed to eliminate engineering, 
installation, maintenance and operation costs of a cooling 
water supply, and can prevent costly freeze-ups in severe 
climates. 

Simple, efficient and trouble-free, it works like an air- 
cooled electric motor. A fan mounted on the shaft behind 
the bearing draws cool air over the thrust bearing and out 
over the cooling fins of the housing. For lower tempera- 
ture service the same pump can be used as a simple air 
cooled bearing, without the fan and fan cover, using the 
cooling fins alone to dissipate heat. 

Only two different bearing housings fit all models of 
vertical SMI and SMJI’s up to 300 horsepower, and 
either may be adapted to fan or water cooling when 
purchased or after installation. 

As the first major improvement in Process pump design 
in years, this fan cooled bearing was developed to meet a 
long-existing need of the industry. Investigate the econ- 
omy and efficiency of this really new line of pumps. Call 
or write for descriptive literature. 


Patent applied for 
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Subsidiary of Borg-Warner Corporation 


Byron Jackson Pumps, Inc. 
JACKSON 


P.O. Box 20!7, Terminal Annex, Los Angeles 54, California 





L,W/Z, then the path length, W, divided 

may be written WZ/LyW = Z/Ly, which 

its when the molal mass velocity is based 
irea, A, and the path length is Z. 


flow area g 
by mass vel 
is the same 
on the cross-se 


mP 


- Z (19) 
Kor @ pr 


A 
Ny 4 Nor a " 


ind 39a the two terms in the center 
represent res| the separate resistances in the liquid 
and vapo! if the relative magnitudes are such that 
s negligible with respect to the other, 
experimental error in the larger, the 
dered to be a single-phase-resistant one. 
t differences in the rate coefficients, Koy, 
ier is able to vary the relative importance 
ing the term mGy,/Ly = mG/L which 
ted by the symbol \. The value of m 
‘ice of the components or by variations 
essure. For example, in the evaporation 
an inert gas, liquid-phase resistance is 
absorption or stripping of a slightly 
from a liquid the value of m is high 
sistance may be negligible. The desorp- 
water is, therefore, a popular system 
hase resistances. The liquid and vapor 
ndependently, within limits in distilla- 
lely in absorption. A comprehensive 

f these equations is given by Sherwood 


In equat 


the value 

that is, less tl the 
system mi 
Apart from 
and Koz, th 
of resistance 
is frequently 
may be set by 
in temperatul 
of pure liq 
entirely abs 
soluble con 
and the g 
tion of oxyg 
for measuril 
rates may | 
tion and 
graphical s 
and Pigfor 


5. Contact Tim 
As in a ocess, time is an important variable. 
original Murphree equations and also 
by Equatio 30, where the variables Z/L,y, and Z/G,, 
represent )tact between one phase and the other. 
useful tool in analyzing experimental 
not be applicable to design methods 
quantity of the fluid masses on a tray 
more precision than at present. Owing 
iid and gas rates used here, the aver- 
uge time in be defined in two ways as follows: 
If Ly nolal velocity based on the horizontal 
cross-sectior \, the liquid volume flow rate based 
on unit al lumn cross section is Ly/p;, where py, 
nsity, lb moles/cu ft. The volumetric 
\ unit area of tray is the superficial 
true” velocity, u,, is the superficial 
divided by the volume fraction of 


phase mass. 


This is shov 


The cont 
data, alth 
until the 
can be pre 


to the defi: 


is the lig 
rate passi 
velocity 
velocity 


liquid, 


L 
u, Sas eee 


pv 


An ave 


of liquic 


iquid residence time, t,, is the distance 
vided by the “true” velocity Ly/p,6.- 


Zp. 6 
pue (41) 


Ly 


ewed as the clear-liquid holdup divided 
quid feed. If the liquid is regarded as 
across the tray instead of vertically, the 
engths will be different but the contact 
Equation 30 may be written 


This may 
by the vol 
flowing h 
velocities 
times will ! me 


py Z t 
kya 7 = kya t’, ° ° (42) 


where t’;, is the superficial liquid residence time, Z/u’,. 
In a similar manner the average “true” gas velocity is given 
by 
Gy 
ue = —— pore . 2 
PG (1 = 6) 

where | — @ is the volume fraction of gas in the froth and 
pe is the molal gas density, lb moles/cu ft. 

Substitution of the ideal gas law into Equation 33 gives 


kgaPZ ke aRTZ k;, a RTZ 


= ' 4 
Gy uy: u,; (1 — 6) a? 


N, = 


where u,, is the average “true” gas velocity and u’, = uy, 
(1 — 4) the superficial gas velocity. 
As Z/u’,, is equal to the superficial contact time, t’g, 


Ng = kg a RT t, =k’g at’g stood, enh. oie pe 


Here k’,, requires the use of concentration differences as 
driving forces and it has then the units of. 


ib moles Ib moles mn ft 
— re 
(hr) (sq ft) cu ft hr 


In treating the experimental data it is sometimes easier 
to define the residence time in terms of 8, the gas holdup 
in the froth or spray per unit bubbling area, as cu ft/sq ft 
and ¢ as the cu ft of liquid per sq ft of bubbling area. Equa- 
tions 42 and 45 become, then 


Ny — k a pu 


Q sie £ie. « « 
L Lyd L L 


_ , ‘ pa B oun , ‘ , 
Kc “Gy (1-8) cS Ala a ace 


It is important to note the two possible definitions of con- 
tact time since a method of computing the rate coefficient 
from the number of transfer units is through use of this 
type of equation, and vice versa. 


6. Factors Determining the Controlling Film 

A measure of the relative importance of the resistances 
of each phase may be obtained from the equations for the 
additivity of resistances. 

Considering Equation 19 the relative importance of each 
resistance is determined directly by three factors; each of 
the individual transfer coefficients k,, and k, and the dis- 
tribution coefficient m. The size of each k is determined 
by the eddy and molecular diffusivities of its phase. Since 
the molecular diffusivity is a property of the system, it can 
only be changed by either altering the composition of the 
system or changing either the temperature or pressure. By 
increasing the viscosity of the liquid by the addition of 
soluble high viscosity material the molecular diffusivity 
could be reduced but this would decrease rather than in- 
crease the mass transfer rate. The eddy diffusivity is of 
course controlled by the fluid dynamics which in turn is a 
function of the flow of each phase, the viscosity and the 
density. Seldom is the viscosity or density deliberately 
changed; thus it is only the fluid dynamics which is in the 
control of the designer. 

This can be controlled in two ways; by the choice of the 
dispersed phase and by the physical design such as the use 
of packing, bubble caps, jets and the like. A material in a 
continuous phase will tend to have a higher transfer coeffi- 
cient than when in the dispersed phase. For a gas-liquid 
system a designer has the choice of employing a bubbler to 
disperse the gas or a spray to disperse the liquid. 

The second equation for the additivity of resistances, 
Equation 39, is subject to the same considerations plus some 
others. To maintain a clear picture it may be helpful to 
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consider the genesis of the concept of the number of transfer 
units. For a gas, essentially it is the change in concentration 
of the gas stream, dy, divided by the driving force (y* — y) 
or (y; — y). Similar considerations hold for the liquid. The 
flow rates Gy, and Ly entered because a material balance 
was made giving the amount transferred for constant molal 
flows as Gydy and L,,dx. The change in concentration of 
the phase would depend on the flow rate even if the transfer 
coefficients and rate of transfer did not. Thus the flow rates 
appear in the second equation for the additivity of resist- 
ances because of the definition of the number of transfer 
units. The second equation is not truly one for the additivity 
of resistances, for each resistance has a scale factor Ly or 
G,,. The ratio of Gy, to Ly, is usually dictated by plant pro- 
duction economics while the values are normally controlled 
by the physical capacity of the equipment rather than mass 
transfer considerations. Mass transfer controls the contact- 
ing length rather than the flow area of the equipment. 

It is important to remember that the magnitudes of the 
rate coefficients alone are not sufficient to distinguish be- 
tween liquid- and vapor-resistant systems. Since most process 
designers use vapor-phase units to define efficiencies, many 
apparently low efficiencies reflect the arithmetig¢ of the sit- 
uation rather than low rates. The weakness of the use of 
over-all column efficiencies lies in the additivity of resist- 
ances. For example, it has been noted that over-all column 
efficiencies for acetone-water distillation are much lower 
in the lower plates than in the upper. The shape of the 
vapor-liquid-equilibrium curve is such that at 9% acetone 
about 40% of the resistance is in the vapor phase, while at 
concentrations of acetone greater than about 50 mole % 
the system is almost completely vapor-phase resistant. 
The over-all column efficiency may be much more affected 
by the purity of the bottoms product which affects the slope 
of the equilibrium curve than by factors which govern mass 
transfer 


Efficiencies 

1. Point and Tray Efficiencies 

rhe beginning of the concept of tray efficiency was in an 
article by Murphree.* By definition the Murphree Efficiency 
is the ratio of the change in concentration of a phase as it 
goes through a stage to the change that would take place if 
equilibrium were achieved with the exit stream of the other 
phase from that stage. Concentrations are measured in mole 
fractions. 

Numbering the plates of a column from top to bottom, a 
typical plate is shown in Fig. 3. 


~ 




















t 


Yn+1 


FIG. 3. Typical tray in operation. 
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Ey r= - . 
MV » 2 

Vn — Yns; 
In a similar manner 


E will Xn-; — Xn 
ML“ ie He 
“: Xy-, — Xno 


(49) 


Rather than a Murphree Tray Efficiency a point efficiency 
can be obtained by focusing attention on a stream of vapor 
bubbles rising as shown in Fig. 3. If it is assumed that the 
liquid is of constant composition along the bubble path, 
another efficiency, known as the point efficiency, may be 
defined. This is equivalent to taking the liquid as well mixed 
in the vertical direction but not necessarily in the horizontal 
plane. The vapor point efficiency is given the symbol Eo, 
and is then 


Fog ees Yow . . . . . (50) 
7” = Fase 


Here the vapor entering the tray is considered well mixed 
of uniform composition y,,,. However if the liquid compo- 
sition varies across the tray as it usually does then x, y* and 
hence y will vary too so that the vapor leaving the liquid 
has a concentration gradient across the tray. Before entering 
the tray above it is taken to be well mixed. 

On the basis of 1 sq ft of tray area and depth dZ the area 
for transfer to the bubbles is adZ while the rate is given 
dN = Kog a (y* — y) PdZ. If the molal flow rate of each 
phase is constant, often a good approximation, then Ky, a 
(y* —y) PdZ = Gy, dy. Collecting terms and integrating 
from y,,, to y yields 


Kog a PZ in is at | (51) 
Gy _ 7 Yue 


y°-y , =~ Fux 7 J i 


sd = Ynsy ¥ = Yney a — Yn+y 


—Koc a PZ 


> ¢ 
1—Egc =e - eXoo =. | (83) 


Here the equilibrium concentration in the gas phase, y 
is taken to be constant in the vertical direction. Surprisingly, 
this is a good assumption, for even in cases where there is 
a concentration gradient across the tray there is little in the 
way of a vertical concentration. 

Although not used as often, a liquid efficiency is also 
defined. The Murphree Liquid Efficiency is completely ana- 
logous to the Murphree Vapor Efficiency. It is, by defini- 
tion, the ratio of the change in liquid concentration that 
takes place in going across the tray to that which would 
take place if equilibrium were achieved with the gas leaving 
the tray. This is the average composition of the gas. Just as 
in the case of the Murphree Vapor Efficiency, for one hun- 
dred per cent efficiency the average composition of one 
exit phase would be in equilibrium with the average compo- 
sition of the other exit phase. 

Xy-, — Xn 


x,* Xn.) — (VY, M) ave 


An-; ~ “n 


Xn "ia Xy 


Ey = (49a) 


A derivation giving the relation between the mass transfer 
coefficient and the Murphree Liquid Point Efficiency may 
be made. As in the similar derivation for the Vapor Effi- 
ciency, the opposite phase, namely the gas phase, must be 
assumed of uniform composition throughout the element. 
This is equivalent to taking the gas to be well mixed along 
the length of the tray but not necessarily vertically. In a 
large number of cases, this is a very questionable assump- 
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PLATFORMING* AND PETROCHEMICAL 
PROCESSES 


Petroleum refining and petrochemical 
processes for the efficient and 
economical conversion of petroleum 
into marketable fuel and 

chemical products. 
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produce petrochemicals 
profitably with UDEX 


UDEX® is being widely used by refiners throughout 
the world for profitable production of high purity 
petrochemical intermediates, benzene, toluene and 
xylenes. Udex aromatics meet the highest standards 
of purity. In addition, Udex is a valuable process for 
separating high and low-octane gasoline fractions to 
control the quality of finished gasolines. 

Udex provides ideal market flexibility by enabling 
refiners to make products that meet changing prod- 
uct demands. Low utility consumption and low solvent 
costs make Udex unusually economical to operate. 

Udex has operational flexibilities too. Feed to a 


WHERE RESEARCH TODAY 
MEANS PROGRESS TOMORROW 
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Udex unit can vary widely in both quantity and 
composition, yet the stringent specifications of the 
product output will be maintained. Originated by 
Dow Chemical Company, the Udex extraction pro- 
cess was developed and is made commercially avail- 
able by UOP. 

UOP offers a wide range of petroleum and petro- 
chemical processes to refiners everywhere in the free 
world. A variety of technical services are also avail- 
able to insure the profitable performance of these 
processes. Let UOP engineers evaluate your pro- 
cessing needs now. 


UNIVERSAL O1L PRODUCTS COMPANY 


30 Algonquin Road, Des Plaines, Illinois, U.S. A. 
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hat the physical models assumed for both 
xactly possible simultaneously. Even 
d liquid streams are of uniform con- 
f the different compositions of the gas 
vels the concentration of liquid at 
en downstream length of the tray will 
id would be of uniform composition 
juid level travels more slowly than 
inique manner which is most improb- 
form gas concentration at a given hori- 
the tray it would be necessary for the 
les to rise more slowly than those up- 
force downstream is less. 
and liquid compositions may be 
the tray if both phases are well mixed. 
element of liquid and gas smoothly 
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tor. The driving force would then be 
the whole tray. If this were so then 
ld and 


Eo. 


Nor a 
— Eor 


(55) 

hip Between Vapor and Liquid Efficiencies 
tween the two point efficiencies, Eog 
ned directly by rewriting equation 53 
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FIG. 5. Relationship between Murphree Vapor and Liquid 
Efficiencies. 


equilibrium curve, m, will often determine \ and hence the 
relationship between the two. 


log (1 — Ey.) = A log (1 — Egg) (56) 
Although it is sometimes used it is to be emphasized that 
this equation is not realistic for, as indicated above, the 
models on which this is based are not mutually possible. 
A material balance will give the exact relationship be- 
tween the two Murphree Tray Efficiencies. 


G (Y,, i.e Yn) =L (X, — X) ) 
or A (Yn, < Ya) mx, — Mx,., 


This combined with the defining equations for E,y,y and 
Exit yields 
E — mx,,_, I1—E 
d MN a-1 MN - . (59) 
Eun  Yn+; — MX, 1 — Eyy 
This is plotted in Fig. 5. 
From Fig. 4 and 5 it is seen that Equations 56 and 59 
give similar, but not identical, results. 


3. Relationship Between Point Efficiency and Murphree 

Efficiency 

a) Perfect Mixing 

If the liquid is completely mixed aiong the length of the 
tray then the vapor leaving the tray will be of uniform com- 
position and the point efficiency being constant across the 
tray will yield a Murphree Vapor Efficiency equal to the 
point vapor efficiency if the hydraulic gradient is neglected. 
Exy — Fog. 

Similarly, if the vapor is well mixed and of uniform com- 
position at all vertical levels the Murphree Liquid Efficiency 
will be equal to the point liquid efficiency neglecting any 
liquid velocity gradient. Ey,,, = Eo. 


b) Plug Flow 


The model in contrast to complete mixing is that of liquid 
plug flow or no liquid mixing. Because of the plug flow 
there will be a liquid concentration gradient along the length 
of the plate. Although there is no mixing along the liquid 
flow path there is assumed perfect mixing in the vertical 
and cross tray directions. Because of the liquid concentra- 
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tion gradient the liquid entering the tray will be richer in 
the lighter component than that leaving it. As a result the 
gas leaving the upstream section of the tray will be richer 
than that leaving the downstream section. With a moderate 
to high efficiency the gas leaving the upstream section may 
be even richer than that in equilibrium with the liquid leav- 
ing the tray. In such a case it is entirely possible that a 
Murphree Vapor Efficiency of over 100% may be obtained, 
for the Murphree Vapor Efficiency is based on the liquid 
leaving the tray. By taking a constant point efficiency and 
considering both the liquid and gas entering the tray to be 
uniform the average composition of the exit gas may be 
obtained and the Murphree Efficiency computed. This has 
been done by W. K. Lewis, Jr.° 

The relationship between point and Murphree Efficiency 
will be derived for the case of perfect gas mixing between 
plates. Consider an element as shown in Fig. 3. A material 
balance on the element is 


BY Se -3 eA Sr - « CB) 


Division by G and letting dG/G dw will allow nor- 
malization of the equation. 

With the following assumptions a) y* = mx + b b) Eog 
is constant across the plate c) y,,, is constant across plate 
d. the liquid and vapor rates are constant across the plate; 
the differential equation becomes 


= Eng AYn . . . . . (61) 


mG 


r 
L 


The solution of this first order linear differential equa- 
tion is. 
‘=F... PiCietwes AN 6 ns kt Se Se OD 


Where A, the constant, can be evaluated from the con- 
dition y,, = (y,), at w = 0, ie. A= (y,),—Yn.,- By sub- 


y, dw for (y,,)aye in the defining equation 


Bien l 
stituting 
= 0 


for the Murphree Efficiency the following results 


| 
E ; [ePou\ — |] “ye (63) 
MV X 


This equation is plotted in Fig. 6. Equation 54 gives the 
relationship between Ep; and Noy. 


c) Partial Mixing 

The situation when there is partial mixing is very com- 
plex. Obviously it is a statistical phenomena involving the 
residence time, path length and concentration of each bub- 
ble and eddy. An attack along this route would be basic but 
is formidable and has not yet been accomplished. An easier, 
though incomplete, way of handling the problem is to as- 
sume a mathematical model for the mixing. This model 
must of necessity have at least one parameter which is a 
function of the mixing. The parameters of various models 
can be measured experimentally and correlated as a func- 
tion of liquid and gas flow rates. A complete study would 
also include the effect of fluid properties and tray design. 
From the correlations the mixing effects would be predicted 
for new conditions. It would be expected that deviations 
between the model and actual conditions would cancel to 
some extent in the prediction of results, for the error in 
going from data to correlation would partially cancel in 
returning from the correlation to predicted data. A test of 
this would be a comparison of predicted results from various 
models. It may be remarked that the similarity of results 
given by various routes lends confidence to the philosophy 
of this approach. 
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FIG. 6. Murphree Vapor Efficiencies vs Point Efficiency. 
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FIG. 7. Liquid recycle model of tray. 


i) Liquid Recycle Model 

A simple and useful model has been developed independ- 
ently by Warzel** and by Oliver and Watson.°* 

Their model is illustrated in Fig. 7 

The mixing parameter is defined in terms of the jump in 
concentration at the inlet weir due to back mixing. A hypo- 
thetical stream is imagined to flow from the outlet weir to 
the inlet weir. It is of such amount that when mixed with 
the inlet stream it gives the experimentally determined com- 
position on the downstream side of the inlet weir. Thus 


(64) 
xX 


n — Xe 

It will be noticed that the model is very similar to that 
employed above for the derivation of the relationship be- 
tween point and Murphree Efficiencies for plug flow. In the 
new model the cross flow of liquid is CL rather than L. The 
derivation is identical except that L is replaced by CL giving 
A/C in the new derivation instead of A. This yields. 


exp (E,, A/C) — 1 


Evy = 
MV /C 
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8. Mixing stage model of tray. 


This mi ; an inherent weakness. In a given hy- 
drodynam the mixing parameter C depends on 
the efficic the exit liquid composition used in 
calculating ¢ inction of the efficiency. 

li) Mix , Model 

Kirschb nore recently Gautraux and O’Con- 
nell® hav mixing model in which the concen- 
tration gi pproximated by a series of well mixed 
pools sti by side across the tray, each of the 
same leng shown in Fig. 8. A completely mixed 
tray woul pool while a tray with plug flow would 
have an inf er of pools. 

The relat tween the Murphree Vapor Efficiency 
and the P icy is given by 

| | I on n 
I(1 4 ‘) -1 1. _ . (66) 
| n 
where n er of pools or stages on the tray. 

This e otted in the article by Gautraux and 
O'Connell 

lo deri usual assumptions are made a) y* = 
mx + b G,, and Ep, are constant across the 
plate 

il) Eddy Model 

A more | ital approach to the problem of mixing 
may be tak ploying the concept of eddy diffusion 
to accoun e back mixing. A tray is illustrated in 
Fig. 9. TI ssumptions hold, namely: a) y* 
mx + bb) | G, L, and y,,, are all constant. Also the 
eddy diff ) taken to be constant throughout the 
tray Of W 

A mat e on the element can be written as: 

. / dx 
D,.B 7 di L | ) az +(y —Yy,,)dG 
\ aZ 
(67) 
But 
dz dG 
and letting dw — = —_ 
. Z G 
LZ uyZ 
D,B Z.p; Dy 
whi liquid velocity across 
tray froth velocity. 
j y; Y — Yns1 “ : ; (50) 
\ V, m(xX — x,) 
Where 
Yn, — 0 
m 
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FIG. 9. Eddy diffusion model of tray. 
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FiG. 10. Relationship between Murphree Efficiency, Point 
Efficiency and Peclet Number (with permission of AIChE). 


Then 
1 d°x dx , 
- — AEog (Xx—xX,) = 0. . (68) 
Pe dw? dw 
Following an analysis similar to that of Wehner and Wil- 
helm!* for flow reactors, Gerster’ employed the boundary 
conditions 


1x 
er 0 atw = Oandx = x,atw= 1 
dw 
obtaining 
Evy l —e (n+Pe) e7 — l 
Eo. + Pe\ ' 
; (» + Pe)( re ®) nf) + 2 :) 
» 1) + Pe 
(69) 
Where 
Pe 4x Eo. 
n=3| (14 = 
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You get impartial help in antiknock selection from Du Pont, because we offer all three types—TEL, 
TML, and TETRAMIX* antiknock compound. With this availability, our technical representatives and 
their supporting laboratory facilities stand ready to assist you in selecting the one best for your fuels, 
for maximum results at minimum cost — another example of the practical advantages oil companies 
can enjoy by doing business with Du Pont. 

E. |. duPont de Nemours & Co. (Inc.), Petroleum Chemicals Division, Wilmington 98, Delaware. 


LEAD ANTIKNOCK COMPOUNDS and other PETROLEUM ADDITIVES 
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yn as published by Gerster is given 


the Peclet Number on the tray must 
iid be obtained from experimental 
using Equation 69, but this route 
ite value. It is much more precise to 
ffusivity by measuring the residence 
n for the tray or directly measuring 
the dispersion of a tracer. The results 
of the eddy diffusion in the liquid 
en by Gerster.* 
iment Correction 
t rrection is nothing more than a ma- 
| of the rising vapor stream containing 
f there is entrainment, it will also 
quid giving a two phase stream of 
the weighted average of the two. The 
readily seen by a graphical method 
ination of the two ascending phases. 
Method is particularly useful for this. 
method is assumed. 


If the vapor entering a tray has the composition and 
enthalpy A, as shown in Fig. 11, the composition of the 
liquid leaving the tray is given by the straight line from 
the delta point through A to the saturated liquid line which 
is reached at L. If the tray has a Murphree Efficiency of 
100% then the liquid-free vapor leaving it will be along 
the equilibrium line at point B. If the efficiency is less than 
100% then it will have the composition B’ so that 
(Yp’ — Ya) /(¥p — Ya) is equal to the Murphree Vapor Ef- 
ficiency. If some liquid is entrained it will have the compo- 
sition L and the combined rising stream will consist of the 
average of L and B’, which is C. The point C is given by 
the weighted average or by the lever arm rule. To obtain 
the liquid passing this rising stream a line is drawn through 
the delta point and C striking the saturated liquid line at M. 
The cycle can now be repeated. It is assumed that the en- 
trained liquid has the composition of the liquid leaving the 
tray. 

It has been seen that when there is entrainment the 
change in composition of the rising stream is not as great 
as if there were no entrained liquid. 

An apparent efficiency can be defined as 


(70) 


where Y,, is the apparent composition of the vapor leaving 
plate n. 

It is to be noted that Y,, is not the average composition 
of the rising stream consisting of vapor and liquid phase, 
(y, + ex,)/l +e, but is the composition that must be 
used in the material balance equations using G and L as the 
flow rates rather than (1 + e) G and L + eG respectively. 
Here e is the moles liquid entrained per mole of dry vapor. 

Colburn? has derived a relationship between the apparent 
efficiency E, and the actual vapor efficiency, Ey. By as- 


suming the operating and equilibrium lines to be parallel 
he simplifies his equation to 


Evry 
eGy Ey, 


Ly 


(71) 


The above equation is plotted in Fig. 12. 


5. Overall Tower Efficiency 
The overall tower efficiency, E,, is, by definition, the ratio 
of the number of theoretical trays to the number of trays 
actually used. It represents a particular average efficiency 
of the column and may be related to the Murphree Vapor 
Efficiency of the tray. With the usual assumptions a) 
y* = mx +b and b) Eyy, L and G are constant, Lewis, 

Jr.° derived 
Inf 1 + Eyy (A—1) J (72) 

In A 
which is plotted in Fig. 13. 


Assumptions and Limitations 

The basic assumption underlying the present attack upon 
the problem of efficiencies is that of the additivity of the 
gas phase and liquid phase resistances. Inherent in this are 
the assumptions that the correct potential for mass transfer 
has been used, no interfacial resistance is present and there 
is no interfacial holdup. There doesn’t appear to be any 
evidence to indicate that any of these assumptions are ever 
invalid in commercial practice. In vacuum work an inter- 
facial resistance for evaporation and an accommodation 
coefficient for absorption must be introduced.’ A second 
type of interfacial resistance is that from the introduction 
of an extra component which spreads itself over the inter- 
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face in a thin film. An example is the use of cetyl alcohol 
to reduce the rate of evaporation of water by more than 
50% .'* If an interfacial resistance is present it can be 
handled readily if its value is known, for it constitutes 
nothing more than another resistance in series. 

One assumption which is unsatisfactory from a theoret- 
ical point of view but, at present, of little practical conse- 
quence is that of constant properties throughout a well 
mixed two phase region. The values of ka are taken to be 
constant throughout a tray and the contact time for all 
elements of a phase are assumed to be the same. 

Visual examination readily shows that the bubbles on a 
tray assume a complete spectrum of both size and residence 
times. Likewise the elements of liquid would be expected to 
have a broad spectrum of residence times. A full theory 
would have a distribution function of bubble sizes, gas 
residence times and liquid residence times. 

An adequate understanding of efficiencies may be had 
without going to the above considerations. Even if com- 
plete experimental values for the distribution functions were 
available it is likely that they would be regarded as too com- 
plicated and unnecessary for most analyses of efficiencies. 

To proceed from a point efficiency to a tray efficiency 
it is necessary to assume a mixing model and to calculate 
the tray efficiency with correlations of the model parameters. 
Clearly the model will be at best only an approximation to 
the physical situation. The test of a model will be in its 
utility, accuracy and reasonableness. It is likely that a model 
may be imperfect yet prove entirely adequate for practical 
problems. 

While assumptions are required in the development of 
the theory, most are very reasonable and none are such as 
to make the theory impractical or the results erroneous. 


Nomenclature 
A = Empty cross section area, ft® 
= Interfacial area/unit volume of gas holdup, ft 
= Interfacial area/unit volume of gas and liquid 
holdup, ft 
Interfacial area/unit volume of liquid holdup, ft* 

















1.0 2.0 
MV 


F 


FIG. 13. Overall column efficiency vs Murphree Vapor Effi- 
ciency. 
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Width of tray, ft 
Parameter in y* = mx + b 


= Internal recycle stream, moles/hr 


Concentration, Ib moles/ft® 

Interfacial concentration, lb moles/ft® 
Liquid phase concentration, Ib moles/ft® 
Equilibrium concentration, Ib moles/ft* 
Molecular diffusivity, ft?/hr 

Eddy diffusivity, ft?/hr 


= Overall column efficiency: ratio of ideal to actual 


plates 


= Apparent efficiency 


Murphree liquid phase tray efficiency 
Murphree vapor phase tray efficiency 


= Vapor phase point efficiency 


Liquid phase point efficiency 


= Moles of liquid entrained per mole of dry vapor 


Total gas flow rate, moles/hr 


= Gas flow rate, moles/hr ft* 


Solute free gas flow rate, moles/hr ft? 


= Height of a gas phase transfer unit, ft 
= Height of a liquid phase transfer unit, ft 
= Height of an overall gas phase transfer unit, ft 


Height of an overall liquid phase transfer unit, ft 


= Overall gas phase mass transfer coefficient 


moles 
hr ft? atm 


- Overall liquid phase mass transfer coefficient 


moles ft*® ft 
hr ft? moles hr 
Individual gas phase mass transfer coefficient 
moles 
hr ft? atm 


, = Individual gas phase mass transfer 


f 


coefficient = k,,RT A 
hr 


= Individual liquid phase mass transfer coefficient 


moles ft* ft 
hr ft? moles hr 


= Total liquid flow rate, moles/hr 
= Liquid flow rate, moles/hr ft? 


Solute free liquid flow rate, moles/hr ft? 
acd —_ 

Slope of equilibrium line, = 

Moles of component transferred per hr 

Number of gas phase transfer units 

Number of liquid phase transfer units 


= Number of overall gas phase transfer units 


Number of overall liquid phase transfer units 
Number of pools or stages on the tray 


- Total pressure, atm 

= Peclet Number, uz/D, 

- Gas phase partial pressure, atm 
- Interfacial partial pressure, atm 


Equilibrium partial pressure, atm 
Universal gas constant, ft® atm/Ilb mole °R 
Cross sectional area, ft* 


- Absolute temperature, °R 
= Superficial liquid residence time, Z/u’; 


Average true liquid residence time, Z/u, 
Superficial velocity ft/hr 
Average true velocity, ft/hr 


- Path length along tray, ft 
= Moles solute per mole solute free liquid 


Mole fraction of solute in liquid 


- Mole fraction of solute in liquid at beginning 


of plate 
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yn of solute in liquid leaving the 


1 of solute in liquid entering the 


tion of solute in liquid in equilibrium 


solute composition y, 
per mole of solute free gas 
mposition of vapor leaving plate n 
of solute in gas stream 
of solute in gas leaving the 


of solute in gas entering the 


yn of solute in gas in equilibrium with 
ute composition x, 

wer, ft 

height, ft 


holdup in froth per ft? bubbling area 


f liquid holdup per ft? bubbling area 


lensity Ib moles/ft® 
d density lb moles/ft® 
ction of liquid in two-phase mass 


Subscripts 


A, B = Components 
BM = Inerts at mean value 
f = Film 
G = Gas 
i = Interface 
L = Liquid 
n = Plate number 
2 = Positions 
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Part 3: MASS TRANSFER—Chapter 2 Tray Efficiency 


TRAY EFFI 
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of the comp 
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fractionatio 
tests on Tract 
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calculated 
tionation 
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liquid and 
analyze th 
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tionable 
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on small 


[ES in fractionation towers have been 
versies ever since the first still was 
high efficiencies have been claimed 
inalysis of the methods of determina- 
been challenged. The usual procedure 
es is to determine the concentrations 
ms and feed streams and to measure 
ns and rates on the column. Then 
)t necessarily a rigorous fractionation 
number of theoretical trays are de- 
the overall efficiency of the tower. 
will not only depend on the accuracy 
inalysis and the operating measure- 
equilibrium and heat data used in the 
yn. As any one familiar with making 
vill confirm, the above measurements 
er of sufficient accuracy on which to 
mination. If they were, the resulting 
|| would be no better than the frac- 
1ethod used. Different methods will 
unless rigorous methods are used. 
termine efficiencies is to collect both 
les from the same tray, carefully 
late the efficiencies from the appro- 
efficiencies. This way the actual 
directly without having to use ques- 
tion methods. This procedure is sel- 
nercial columns although it is used 


Efficiency Definitions 


There 
vapor or | 
the ones 1 
local effic 
case whet 
through tl 


from pol 
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tions of efficiencies, given either in 
trations, and the ones given here are 
efficiency prediction. The point or 
concentrations is defined for the 

iS a constant concentration vertically 
ss although the concentration varies 
the tray and the vapor to the tray 


is everywhere the same but the vapor issuing from the tray 
is different for each point. This is as follows:— 
y-y 


ee te og . 


y 700 


The overall tray or Murphree efficiency is arbitrarily de- 
fined as follows: — 


Ey . > ae (2) 


Yn ~ = 


J n+} 


If the vapor from a tray is also uniformly mixed and in 
equilibrium with the liquid and the liquid everywhere on 
the tray is also uniformly mixed, then one tray is called a 
perfect or theoretical tray and the point efficiency, Eog, is 
1.00 and is equal to the tray efficiency, E,,y. 

The assumption of well mixed vapor to a tray generally 
holds except for the very largest towers, but that of well 
mixed liquid never holds for cross-flow trays except in some 
very small laboratory columns and for some trays with 
multiple downcomers. Also for the case where all the dif- 
fusion resistance is in the gas film, the liquid concentration 
has no effect on the efficiency and Egg = Eyy. It should 
be kept in mind that when this condition occurs, efficiencies 
over 100% are impossible. 

On the other hand, if no liquid mixing occurs, this is the 
so-called plug flow case, the tray and point efficiencies are 
related as follows assuming the equilibrium, point efficiency, 
and liquid and vapor rates are constant across the tray.® 


Y ose 
Euv =~ (@Po—1) . . . . (3) 


/ 


Tray efficiencies well over 100% are possible in the case of 
poor liquid mixing and with some liquid phase resistance 
present. 

The plate or tray efficiency as defined by Equation 2 as- 
sumes no entrainment. If entrainment is present, E,,;y must 
be corrected. If the entrainment is assumed to be constant 
across the tray, if the liquid on the tray is well mixed, and 
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if the operating and equilibrium curves do not diverge 
widely, the following equation can be derived?: 

> Evry 

E, 


e Eyry 


Ly /Gy 


The last efficiency terms of importance is the overall 
tower or column efficiency. This is defined as follows: — 


(5) 


Where the equilibrium and operating lines are essentially 
straight but not necessarily parallel, the over-all column 
efficiency can be calculated: — 
In{l + E, (A-—1) 
| a | (6) 
Ind 
VARIABLES THAT AFFECT EFFICIENCY 
There are three major types of variables that have an 
effect on tray efficiency. These are as follows:- 


1. Operating Variables 
a) Gas and liquid flow rates. 
b) Column pressure and temperature. 
c) Gas and liquid compositions. 


Tray Design Variables 

a) Tray dimensions including diameter. 

b) Tray spacing. 

c) Outlet weir height. 

d) Design, spacing, and arrangement of bubble caps 
or perforations. 


System Variables 

a) Slope of equilibrium curve. 
b) Gas and liquid viscosities. 
c) Gas and liquid densities. 
d) Gas and liquid diffusivities. 
e) Surface tension. 


The American Institute of Chemical Engineers con- 
ducted a five-year study of tray efficiencies and developed 
a method of predicting efficiencies for commercial trays, 
both bubble cap and perforated, used in multicomponent 
fractionation.t The AIChE method is based on the two-film 
theory as given by the diffusional and mass transfer equa- 
tions described earlier. The three types of variables de- 
scribed above were studied extensively to discover their 
effect on the four main factors which determine the mass 
transfer in a distillation system. The results have been pub- 
lished in a Design Manual.? 

The four main factors which affect the magnitude of the 
tray efficiency are as follows:— 


1. Number of individual gas phase transfer units. 

2. Number of individual liquid phase transfer units. 

3. Degree of liquid mixing on the tray. 

4. Magnitude of the liquid entrainment between the 
trays. 


The AIChE program developed separate correlations for 
each of these factors in terms of the many variables involved 
and has verified the reliability of the equations recom- 
mended for combining the four factors into a predicted 
tray efficiency. 

Before the results are discussed it might be well to point 
out those cases where the gas-phase resistance is usually 
controlling or is the more important resistance. These are:- 

1. When the slope of the equilibrium curve, m = dy/dx, 

is small. Close boiling mixtures and highly soluble 
gases having small m values are examples. 
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2. When the liquid viscosity is low. Most boiling liquids 
have small liquid viscosities. 
When the gas film resistance is much larger than the 
liquid film resistance. 
Most distillation systems fall into the case where the gas 
phase resistance is the more important one. Typical liquid- 
phase controlling systems are: 
|. Absorption or stripping of nearly insoluble gases in 
liquids. 
At the bottom of the stripping section of a distillation 
column when the value of m is exceptionally high. 
3. Distillation of systems with high liquid viscosities. 


The AIChE method of efficiency prediction consists of a 
series of equations relating the gas and liquid transfer units, 
N,, and N,, to the various variables affecting the efficiency. 
These individual transfer units are then combined to give 
the number of over-all transfer units in gas terms which is 
directly refffed to the point efficiency as follows:— 


1 1 r 
Nog Neg Ny 
Eog = 1—e-Noe eae a ee 


(7) 


By the use of an equation giving an eddy diffusivity the 
tray efficiency, E,yy, is ‘calculated directly from the point 
efficiency, Egg, with the use of a mixing curve. A curve 
giving entrainment is included in the Design Manual based 
on recent entrainment data from the literature and some 
privately available data. From this entrainment curve and 
an equation relating visual froth height on the tray to the 
tray vapor load, the amount of entrainment and the cor- 
rected tray efficiency, E,, can be obtained. All this calcula- 
tion procedure is made easy by the use of a calculation form 
sheet. The main correlating variables developed by the study 
are: 

Vapor rate, F factor 
Liquid rate, L = Q/I 
Weir height, W 

Gas Schmidt number, pi¢/peD¢ 
Liquid diffusivity, D,, 


Ue\ Pe 


vAhwhnye— 


The research results are summarized as follows: 


A. Only Gas Phase Resistance Present 

1. An increase in the weir height, will increase the 
point efficiency, Eog. 

An increase in the vapor rate, F, 
liquid rate, L, decreases Eg. 
An increase in the liquid rate, L, 
vapor rate increases Eog. 
Ng is proportional to (1/Ng,)*. The Schmidt 
Number, Ng,, corrects Nog for the system va- 
riables. 

Several conclusions may be made on these results and 

these are: 

a) A single pass tray will give a higher efficiency 
than a multiple pass tray. 

b) At low liquid rates (below 30 to 40 gpm/ft) the 

tray efficiency can be increased by increasing the 
diameter of a column with a fixed vapor and 
liquid load. 
At higher liquid rates a decrease in the diameter 
will increase the tray efficiency. This effect results 
from the fact that L is the more important va- 
riable compared to F at high liquid rates. 

d) With tray efficiencies close to 100% little im- 
provement in efficiency can be expected by 
changing the tray design variables. 

Only Liquid Phase Resistance Present 

1. An increase in the weir height will increase the 
point efficiency. 


at constant 


at constant 
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ise in the vapor rate at constant liquid 
aSes Eng: 
e in the liquid rate at constant vapor 
Cases Eog: 
4. N roportional to D,*. 
Efficiency well over 100% and can be increased 
by the follov hanges: 
the weir height. 
e from a multiple pass tray to a single pass. 
e column diameter. 


Systems with Both Gas and Liquid Phase Resistance 
Present 

n efficiency can be brought about by an 

| the weir height and at low liquid loads 

nerease in column diameter. At other liquid 

required change in diameter to increase the 

will be dependent on the relative amounts 

| liquid-phase resistances. Where there is a 

liquid-phase resistance, the point effi- 

s terms, Epc, will be low because of the 

combining the resistances when m is 


can be interpreted in the light of resi- 

1 the tray. If the liquid phase resistance 

mportant one, then the liquid residence 

ld be large. Conversely, if the gas-phase 

is the important one, then a large gas resi- 
s necessary to give a high efficiency. 


Design and Layout 

difference in efficiencies, either gas or liquid- 
lling, were observed for large differences 
| and layout. Caps were varied from 
in. in diameter with close to wide 
| set on top of the deck or with some skirt 
Small improvement in the point efficien- 

\btained only in the following cases: 
ips are superior to large caps and they 

perforated tray operation. 

p spacing, as high as 4% in., are prefer- 


ot velocities give a very slight improve- 
Caps with no teeth were investigated and 
bout the same efficiency as caps with teeth. 
caps give more liquid mixing than smaller 


its can be interpreted in line with the above 
of residence time. Small caps far apart give 
residence time of gas and liquid on the 


Entrainment 
The entrainment correlation is based on the method 
Hunt et al.° Since a froth height is used in this 
correlation, a froth height equation is 
predict it. The correlation indicates that 
more entrainment, lb/lb of vapor, un- 
service than under high pressure condi- 


ti 


Limitations to Method 
wi ige of operating variables tested were 
not vide as found in commercial columns, 
t the prediction method may be applied 
ation to most cases with the following 
vhere it should not be used: 
ssures below a few millimeters of mercury. 
sures above 150 psig. 
olumn diameters 12 in. or smaller. 
quid rates below 2 gpm/(ft). 
juid rates above 100 gpm /(ft). 


factors below 1.0. 


7. With liquids of viscosities above 5 centipoises. 
8. With liquid density to gas density ratio much 
below 60. 


Other Prediction Methods 


There are several other prediction methods in the litera- 
ture. One of the earliest is given by Walter and Sherwood® 
based on the two-film theory. An equation is presented 
based on some questionable simplifying assumption and a 
limited amount of experimental work. It takes into account 
the weir height, slot width, liquid viscosity and equilibrium 
constant. The AIChE results have shown that some of these 
are unimportant in affecting efficiency and others such as 
the rates which are important were not included by them. 

Another method of a semi-theoretical derivation is 
Geddes* which predicts point efficiencies. Some of his as- 
sumptions are questionable. 

Two other methods are those of Drickamer and Brad- 
ford’ and O’Connell.’? These are empirical methods giving 
the tray efficiency based on the liquid viscosity in the first 
method and the liquid viscosity and relative volatility in the 
second method. While these methods are easy to apply, they 
do not take into consideration all the variables known to 
affect efficiencies. Consequently, they cannot be expected to 
predict accurately efficiencies. The Design Manual com- 
pares some predictions of these latter two methods with the 
AIChE method. 


Nomenclature 
Dg = Diffusivity of gas, ft */hr. 
D, = Diffusivity of liquid, ft */hr. 
E, = Apparent efficiency. 
E, = Overall column efficiency: ratio of ideal to actual 
plates. 
Eog = Vapor phase point efficiency. 
Ey;y = Murphree vapor phase tray efficiency. 
e = Moles liquid entrained per mole dry vapor. 
F =F factor, ug\/ pe- 
Gy = Gas rate, moles/hr. 


L = Liquid rate, = 


Ly = Liquid rate, moles/hr. 
1= Average liquid flow width, ft. 
m = Slope of equilibrium line, dy/dx. 
N, = Number actual trays. 
N, = Number gas transfer units. 
N, = Number liquid transfer units. 
Nog = Number overall gas phase transfer units. 
Ng, = Schmidt number. 
Ny = Number ideal trays. 
Q = Clear liquid flow rate, gal/min. 
u, = Superficial gas velocity, ft/hr. 
W = Weir height. 
y = Mole fraction of solute in gas. 
A = mGy/Ly. 
pg = Gas density, lb/ft.* 
; = Gas viscosity, lb/ft hr. 
y* = Mole fraction of solute in equilibrium with liquid 
at point. 
y,* = Mole fraction of solute in equilibrium with liquid 
leaving tray. 
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# INCOME QUOTIENT 


Engineering-Management Status: Dream or Mirage? 
Technology an asset, but other training required 


The complexity of modern industry has 
created a great demand for management per- 
sonnel with engineering training. Surprisingly, 
there is a very short supply of such men, i.e., 
engineers with enough potential to be groomed 
for executive functions. 

Historically, as big industry moved out of 
restricted, private ownership into broader public 
ownership, two things happened, both of which 
added to the demand for “management men.” 
First, public ownership made possible more 
diversified management, as opposed to the cen- 
tralized control characteristic of family owner- 
ship. Second, the complications and diversifica- 
tion of modern industry have sharply increased 
the ratio of executives to employees. Where the 
ratio was formerly approximately one executive 
to 100 employees, it is now more like one to 35. 

Recognizing that employment has increased 
by about one-third during the same period, 
the need for management personnel becomes 
clearer. Not only do few engineers graduate 
from school ready to be managers, few of us 
study courses as undergraduates which would 
prepare us for executive leadership later in our 
careers. Finally, as a prerequisite for managing 


WRITE FOR YOUR 
COPY TODAY 
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the affairs of others, there is no substitute for 
experience. 


WHAT DO YOU REALLY WANT? 


If you are facing this important decision in 
your present status, get your future into focus 
before taking the step. Decide what you really 
want from your personal and business careers. 
It is sometimes too easily assumed that all men 
want to move on to higher, executive positions. 
With few exceptions, all men pay lip service 
to “wanting to get ahead,” but too many of 
us hoodwink ourselves into believing this means 
management responsibilities, without fully 
recognizing the significance of such a step. 


As a matter of fact, all men don’t want to 
advance into management. Some, however, find 
this out too late, for unless they are psycho- 
logically and emotionally suited for the rigors 
of management, the driving ambition to assume 
more leadership, responsibility and authority 
may not in itself be a worthwhile goal. If a 
man is doing well where he is, it may be a 
mistake for him to try to move into the man- 
agement orbit, for the move to management 
is not the only door to advancement. 


... the growth of an engineer, either into greater 


achievement in technology or into executive 
responsibility, is a matter of gratification and 


importance to Western. In our own organization, as 


well as in our customers’ firms, we have seen 
“fledglings” make lasting contributions to the 


science of processing and the business of management. 


Recognizing the importance of an early and 


correct choice of each man’s road to success, we have 


devoted one of Western's “professional 
development” booklets to this important subject, 


and there is a copy waiting for you, without obligation .. . 
Also without obligation, we offer our assistance in 


the solving of your next heat transfer problem. 


WESTERN 


HEAT EXCHANGERS 
WESTERN SUPPLY COMPANY 
P.O. Box 1888 — Tulsa,Oklahome 


C-25 








mathematics workshop 


Dr. J. M. Marchelle, Oklahoma State University 


GEOMETRY | part 3 


lrigonometric Functions There are a number of rules for operating 
ire six trigonometric functions, which and combining vectors. Two important ones 
1 here in terms of Fig. 1. are: 
iber of identities and formulas relating e The scalar product of two plane vectors is 
various functions have been developed. the product of their magnitudes times the 
f the numerical values are available as cosine of the angle between them. 
letailed discussions of their properties. —> —> 
functions are single-valued. The sine, The resultant of two vectors OA and OB 
ant, and cosecant are periodic func- 
the period 27 radians (360°) and the os -_ 
nd cotangent are periodic with the of the parallelogram having OA and OB as 
radians. The sine and cosine are con- adjacent sides. 
all values of 9, but the tangent is 
ous (becomes infinite) for odd multi- 
and is continuous elsewhere. 
rigonometric functions are generated by 
| that their value changes periodically 
nt P is rotated about the origin. There 
ir functions which are generated by 
and a hyperbola. These functions 
orresponding properties and have also 


W3H9/04L3d 


> 
shown in Fig. 2 is the vector diagonal OC 


Some of the more detailed operations such as 
those of the cross product and the alternating 
product of vectors will be discussed as they 
appear in the applications to higher mathe- 
matics. 

In Fig. 2 the vectors OD and OE are called 
the rectangular components of OC referred to 
the coordinate axes. Letting V denote the un- 
lated extensively. The specific prop- directed length of OC and @ denote the angle 


ipplications of the various functions DOC 
brought out in example problems. Mme. . . «ce OD 


F. Vectors T 
It is frequently convenient to use the con- V, = V sin @ = V cos (+ 2 0) - + (2) 
»t of a vector in order to discuss the applica- 
athematics to physical problems. A weve TP st te ee 
y be defined as a directed line segment See wVeyVe. 2. . 1 sw es ss 
t possesses both magnitude and direc- : 
mples of vector quantities are displace- Equations 1 and 2 give rise to the introduction 
locity, acceleration, and force. On the of direction cosines as a means of characteriz- 
a quantity which has magnitude ing vectors. The direction cosines of the vector 
own as a scalar. Examples of scalar § OC are: 
e temperature, volume, and energy. A Sree ee 


I4/di19 


¥ m = cos (-2- 4) » eked’ Ke ca ae 


Y 











I cscO = 3r/y 
I sec@ = 1r/X 
x ctn 6 = x/y 





y 
x 
y 


|. Trigonometric relations. FIG. 2. Vector representation. 
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In this manner a vector can be represented by 
its magnitude and direction cosines. 

A 3-dimensional or space vector is represented 
by a set of three numbers. The theory and op- 
erations with three and higher dimension vec- 
tors is similar to that of 2-dimensional or plane 
vectors. 


G. Functions and Limits 

One of the most fundamental concepts of 
mathematics is that of a limit. For example, the 
area of a circle may be defined as the common 
limit of the areas of a set of circumscribed and 
inscribed polygons as the number of sides in- 
creases beyond all bounds (becomes infinite). 

A function F(x) is said to approach a limit 
L as x approaches a if the difference between 
F(x) and L is numerically less than some 
arbitrarily small number for all values of x that 
are sufficiently close to a and for which x ~ a, 


Lim F(x) = L eee ade Sag ao 


x—a 


Symbolically, F(x) — L as x — a. This defini- 
tion is the result of more than 100 years’ work, 
and embodies in a few words the result of con- 
siderable effort to put the limit concept on a 
firm mathematical basis. 
As an example of the limit concept consider 
the function 
sin Xx 


= 2 8. 6a ae woe 
xX 


A graph of Equation 7 indicates that U ap- 
proaches the limit 1 as x approaches 0 from 
either side. If we consider only values of x near 
0, but not 0 itself, we may use the series expan- 
sion 

x3 


sink =X—GZo tame: 5 eS ee 


Substituting Equation 8 into Equation 7 


. (10) 


The difference between U and 1 in Equation 
10 can be made as small as we please by choos- 
ing X very near zero. For x = + 

I 
eal 


U~ t= a0" 
and so on. To satisfy the limit definition we 
take the arbitrary small number to be greater 


; 
than — 7 2 where x is very small. 


Two important rules for operating with limits 
are: 


e The limit of the algebraic sum of two func- 
tions is equal to the sum of their limits: 
Lim (U + V) = Lim U + Lim V 


The limit of the product of two functions is 
equal to the product of their limits: 
Lim (UV) = (Lim U) (Lim V) 


The case where the limit of a function exists 
is of special importance because it serves to de- 
fine the continuity of the function. A function 
F(x) which is defined at all points in the neigh- 
borhood of a point x = a is said to be contin- 
uous for x = a if: 


1. F(a) exists, 


2. Lim F(x) exists, and 
x—a 


Lim F(x) = F(a) 


x—a 


Consequently, a function is continuous in an 
interval if it is continuous at every point of the 
interval. 

Example 1. The function f(x) = x? is con- 
tinuous for all values of x because Lim f(x) = 
a® = f(a) for any value of a. 


1 
Example 2. The function f(x) = ies has 


an infinite discontinuity at x = 2 since f(2) is 

undefined and does not exist. 

Some important properties of continuous func- 

tions are: 

e If f(x) is continuous in the closed interval 
a <x <b then it has a greatest and a least 
value in the interval. 


If f(x) is continuous in the closed interval 
a < x <b, then it cannot pass from one value 
to another in the interval without taking on 
every intermediate value at least once. 

If f(x) is continuous in the closed interval 
a <x <b and if f(a) and f(b) are opposite 
in sign, then there exists at least one value 
x = ¢c in the interval such that f(c) = 0. 


H. Topology 


The subject of topology is one of the most 
important and rapidly developing branches of 
modern mathematics. Topology is the study of 
the properties of geometrical figures that per- 
sist even when the figures are subjected to 
deformations or transformations which destroy 
all the metric and projective properties of the 
figures. 

At the present time there have not been very 
many direct applications of topology to engi- 
neering analysis. However, there seem to be a 
number of possibilities. For example, there is 
a striking similarity between Euler's formula 
for polyhedra and the phase rule of thermo- 
dynamics. 
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Polyhedra rule: V+ F=>E+2. . (11) 


vhere: V is the number of vertices, 
E is the number of edges, and 
F is the number of faces. 


P+F=C+2 . (12) 
P is the number of phases, 

F is the degrees of freedom, and 
C is the number of components. 


Solution to January Problem: 
Problem 10. Production Change-over 
For an Alkylation Plant 
In order to determine the response frequency 
it it is necessary to assume an empiri- 
sion for the change of production 
time. One possibility is to assume 


Ae’® + Bee . (10-1) 


time in hours, A and B are set by 
lary conditions and b is the charac- 
response frequency of the alkylation 


change from a 1.75 light to medium 
itio to production of medium alkylate 
onditions are: 


». (L/M) Lia 
(L/M) = 0 
conditions A = O and B = 1.75 so 
ition 10-1 becomes 


M) = 1.75e*° . (10-2) 
change from medium alkylate pro- 
k to a 1.75 product ratio it is con- 
use a new variable, (L/M)’ = 
75, which obeys Equation 10-1. 


tions are: 
L/M) = 0, (L/M)’ = —1.75 
(L/M) = 1.75, (L/M)’ =0 

f (L/M)’ Equation 10-1 becomes 

(10-3) 


1.75e>°0 


1.75 (1—e%@). (10.4) 
equations the following table was 
ies of b were calculated from the 

d in terms of a Zero starting time 

the rearranged forms of Equations 


) i 
+ 


. a) 
in 
\L/M/ ° 


(__ 1.75 
\1.75 a): 


-5 was used for the first five data 
Equation 10-6 for the last 4 points. 


(10-5) 


(10-6) 








Product Ratio 
L/M 





0.029 
0.028 
0.025 
0.030 


0.030 
0.027 
0.032 


~AaLHooee=— 
| WoMoenur®n~ 
NANOOW’OWU 


The average value of the response frequency 
of the alkylation plant is b = 0.029 hr. This 
value is a measure of the time required for the 
reactor and the various separation units to 
adjust to changes in operation. 

Inspection of Equation 10-1 indicates that 
the plant approaches new operating conditions 
as an asymptote, For the particular problem at 
hand, if the controls are simply set at the new 
operating conditions which correspond to the 
product ratio L/M = 100,000/50,000 = 2, it 
will take a considerable (infinite) length of time 
for the plant to line out on the new production 
rates. 

The fastest way to converge on the operating 
ratio of two would be to set the controls for 
production of light alkylate only and as this 
condition is approached reset the controls for 
the desired production. The boundary condi- 
tions for a change over to light alkylate produc- 
tion are: 


e=8, LM = 1.75 
6= 0,L/M= « 


with these conditions B = 0 and A = 1.75 so 
that Equation 10-1 becomes 


(L/M) = 1.75 9808 . (10-7) 


The time required for the product ratio to 
rise to L/M = 2 according to Equation 10-7 is 
6 = 4.6 hours. 

To make the required change as rapidly as 
possible, one would initially set the controls to 
produce light alkylate only and after about four 
hours reset the controls to line out the plant 
operation at the desired product ratio of two. 
Even with a change over program like this it 
will take a day or so for the plant to adjust com- 
pletely to the new production rates, The distri- 
bution of product during the change can be 
estimated from Equation 10-7. 
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PETRO/CHEM bookshelf 


> “Gas and Air Compression Machin- 
ery,” by Lyman F. Scheel. Published 
by McGraw-Hill Book Company, Inc., 
330 West 42nd Street, New York 36, 
N. Y. 338 pages. Price $12. 


This convenient guide to the use of 
modern pneumatic machinery covers 
selection of the most suitable type of 
gas compressor for the proposed serv- 
ice; determination of the size, perform- 
ance, power and limitations of such 
equipment; evaluation and selection of 
the particular machine best suited for 
the service; choice of the most econom- 
ical and practical type of prime mover; 
selection of accessories; installation 
and construction procedure, and rec- 
ommended operational and mainte- 
nance criteria. 


> “Formation and Trapping of Free 
Radicals,” edited by Arnold M. Bass 
and H. P. Broida. Published by Aca- 
demic Press, Inc., 111 Fifth Avenue, 
New York 3, N. Y. 522 pages. Price 
$16. 


Advances in techniques for low tem- 
perature experimentation have once 
again focused attention on free radi- 
cals—molecular fragments which nor- 
mally have a very short lifetime (of 
the order of milliseconds) which are 
highly reactive, and which are gen- 
erally characterized by having an un- 
paired electron. This book provides, in 
a single source, an account of the pres- 
ent status and techniques of free radi- 
cal stabilization and indicates potential 
new areas of interest. 


> “Thermal Engineering,” by Harry L. 
Solberg, Orville C. Cromer and Albert 
R. Spalding. Published by John Wiley 
& Sons, Inc., 440 Fourth Avenue, New 
York 16, N. Y. 649 pages. Price $9.50. 


This book is concerned with the prin- 
ciples of operation, details of construc- 
tion and actual performance of the 
major types of equipment used for the 
generation of power from fossil fuels 
and nuclear reactions. Subject matter 
includes a study of the properties of 
fluids used for power generation and 
refrigeration, fuels and their combus- 
tion, nuclear reactions, internal com- 
bustion engines, equipment for burn- 
ing fuels for steam generation and 
industrial uses, nuclear reactors, heat 
transfer, steam generation, heat ex- 
changers, turbines, pumps, fans and 
compressors, power plant cycles and 
refrigeration. 
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> “Electrical Efficiency in Industrial 
Plants,” by Edwin S. Lincoln. Pub- 
lished by F. W. Dodge Corporation, 
119 West 40th Street, New York 18, 
N. Y. 235 pages. Price $9.50. 


How to obtain the most electric serv- 
ice for the money is detailed in this 
practical guide intended to help indus- 
trial users save dollars too often wasted 





in needless high power costs, lost or 
interrupted production, damaged 
equipment and misspent manpower. 
To this end, the author has sought to 
cover all the important aspects of the 
problem—preliminary system planning 
and analysis of various systems and cir- 
cuits; taking advantage of utility rate 
structures; selecting most economical 
voltage levels; conducting and inter- 
preting surveys of load, power factor, 
voltage, lighting, wiring and ground- 
ing; buying electrical instruments to 
suit the circumstances; deriving maxi- 
mum benefits from inspection and 
maintenance procedures, etc. 


Specialized FFCO Experceuce 


Solves Specific HEAT TRANSFER PROBLEMS... 


Years of experience in engineering and fabricating of heat 
exchangers for the wide range of temperatures/pressures en- 
countered in refining-petrochemical-natural gasoline plant proc- 
esses enables EFCO to offer service-proved engineering design 
and guaranteed job rating. Gulf Oil Corporation is one of many 
process equipment users who are benefiting from EFCO’s special- 
ized experience and engineering efficiency. 

This Gulf Oil Corporation installation of Efco units, in Gulf’s 
Port Arthur Refinery, is typical of the many high-pressure, high- 
temperature exchangers designed and fabricated by EFCO. 


EFCO’S FOUR POINT PROGRAM PROVIDES: 


* service-proved engineering design ¢ guaranteed job-ratings * complete fabricating facilities 
* technical service before, during and after installation 


ASK OUR GULF COAST CUSTOMERS—THEY KNOW US WEILL 
Write for General Catalog 


ENGINEERS AND FABRICATORS, INC. 


P. O. BOX 7395 ° 


HOUSTON 8, TEXAS 





REPAIR PIPE LEAKS 


QUICKLY 
PERMANENTLY 


ANY PRESSURE 
ANY TEMPERATURE 


SKINNER-SEAL 
EMERGENCY PIPE CLAMPS for safe, 
sure lasting repair of splits and rust 
holes in pipe. No pressure too high. 
Anyone can apply in a few mo- 
ments. Made in all sizes, “2” to 
12”, for steel and C. I. pipe. Stocked 
by practically all oil supply stores. 


SKINNER SEAL 


COLLAR LEAK CLAMPS —for oil and 
gas lines. Gasket is sealed by 
gasket container rings—pressure is 
sealed in . . . air, moisture and 
gasket-destroying soil conditions 
are sealed out. Effective under any 
pressure. Sizes 2” —13” O.D. incl. 
In stock at oil supply stores! 


For over half a century, 

a complete line of Repair 
Clamps and Saddles for 
steel and cast iron pipe. 


Send for catalog! 


M. B. SKINNER CO. 


SOUTH BEND 21, INDIANA 


> “C.R.C. Standard Mathematical Ta- 
bles,” /2th edition, edited by Charles 
D. Hodgman with Samuel M. Selby 


| and Robert C. Weast. Published by 


Chemical Rubber Publishing Company, 
2310 Superior Avenue, N. E., Cleve- 


| land, Ohio. 525 pages. 


Mathematical tables and formulae 
presented in this handy volume are 
similar in content with those in the 
current edition of the Handbook of 
Chemistry and Physics. Modified type 
and spacing made possible by the 
larger page increases legibility and as- 
sists in avoiding fatigue. 

Major changes in this edition include 
new sections on the algebra of sets, 
reference curves and surfaces, random 
numbers, extentions to Fourier series 
and vector analysis. 


> “The Uses of Electricity in the Oil 
Industry,” edited by E. A. Reeves. Pub- 


| lished by Ernest Benn, Limited, Lon- 


don. Distributed in the United States 
by John de Graff, Inc., 31 East 10th 
Street, New York 3, N. Y. 296 pages. 
Price $10. 


This reference book, based on a se- 
ries of articles that originally appeared 
in the Electrical Journal, details prac- 
tices adopted by British oil companies 
and tells where these differ from Con- 
tinental and North American practices. 

A chapter on power generation and 
distribution in a refinery is followed by 
eight chapters elaborating on such 
equipment as lighting, pipeline heat- 
ing, motor control gear, flameproof 


| switchgear, motors, cables, transform- 


ers and emergency alternator sets. 
Also included are chapters on safety 
codes prevailing in the industry and 
importance of flameproof equipment, 
grounding and bonding practice, over- 
head lines, cathodic protection, control 
systems and telecommunications. 


> “Pressure Drop for Flow of Fluids 
in Round Pipe,” by Leo Friend and 
Leon Samoiloff. Available from The 
M. W. Kellogg Company, 711 Third 
Avenue, New York 17, N. Y. 160 
pages. Price $7.50. 


This compilation of detailed pres- 
sure drop charts is a practical tool to 
help reduce engineering time required 
in accurately sizing and designing 
process piping systems. 

Charts present ready solutions to 
pressure drop relationships for both 
liquids and gases as a function of the 
variables specified by the commonly- 
known Fanning equation. Friction fac- 
tor correlation used is that published 
by Moody in the Transactions of the 
ASME, November 1944. Each chart 


is plotted to give, at constant fluid vis- 
cosity, pressure drop as a function of 
rate flow with lines of constant 
diameter. 

Values of viscosity chosen to repre- 
sent the effect of variation in viscosity 
are such that pressure drop will differ 
by no more than 10%. For practical 
purposes, this makes it possible for the 
design engineer to choose the size pipe 
required to accurately fit certain speci- 
fied flow requirements without trial 
and error. 


> “Flow Meter Engineering Hand- 
book,” by Charles F. Cusick. Published 
by Brown Instruments division, Minne- 
apolis-Honeywell Regulator Company, 
Mail Station 0280, Wayne and Win- 
drim Avenues, Philadelphia 44, Penn- 
sylvania. 170 pages. Price $7.50. 


Latest edition of this handbook, first 
issued in 1936 and revised in 1946, 
has basic flow calculations rearranged 
for easy reference and includes pri- 
mary measuring devices other than 
orifice plates. 

Contains separate chapters on steam, 
liquid and gas flow calculations, each 
with all data necessary to calculate or 
check an orifice plate installation. Three 
solutions to a flow problem are out- 
lined in each chapter: an approxima- 
tion check, a nominal orifice bore 
calculation and a precise orifice bore 
calculation. 

Also deals with selection of primary 
flow elements and recommended loca- 
tions. Superheated steam factor tables 
have been expanded to include gage 
pressures up to 3000 Ib in high pres- 
sure steam flow calculations. 


> Metals Handbook, 8th Edition, 
Vol. 1—Properties and Selection of 
Metals. Published by American Society 
for Metals, Novelty, Ohio. 1300 pages. 
Price $30. 


This volume is first of a projected 
series that ultimately will cover all 
branches of metals engineering and 
metalworking. Contains 12 major ar- 
ticles dealing with corrosion of specific 
metals and alloys. Other articles are 
concerned with mechanical properties 
and fabricability of corrosion-resistant 
metals. 

Extensive data compilations deline- 
ate properties of corrosion-resistant 
and heat-resistant alloy castings, cast 
nickel-base super-strength alloys, co- 
balt-base alloys and other alloys of 
particular interest to corrosion engi- 
neers. A greatly enlarged section on 
stainless steels provides ample cover- 
age of all stainless steels (cast and 
wrought), including the more recently 
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developed precipitation-hardening 
alloys. 

Compared to the material on prop- 
erties and selection in the previous edi- 
tion, the new Metals Handbook offers 
nearly six times as much numerical in- 
formation (as distinguished from de- 
scriptive text) in the form of charts, 
graphs and tables. 


> 1956 Bibliographic Survey of Cor- 
rosion, NACE Publication No. 60-12, 
compiled by Nicole Treves Atlas. Pub- 
lished by National Association of 
Corrosion Engineers, 1061 M & M 
Building, Houston 2, Texas. 248 pages. 
Price $22.50 for NACE members and 
$27.50 for nonmembers. 


Seventh in the NACE’s series of 
bibliographies on corrosion control 
literature, this volume covers the pe- 
riod 1945-56. Included are 2136 ab- 
stracts of technical literature published 
in numerous periodicals over the 
world. 

Abstracts are classified under eight 
main headings: general, testing, 
characteristic corrosion phenomena, 
corrosive environments, preventive 
measures, materials of construction, 
equipment and industries. Each subject 
category is cross-indexed. An extensive 
subject index provides access to data 
on many metals and alloys via trade 
names, specific properties and behavior 
in specific media. 


> “ASTM Specifications of Steel Piping 
Materials.” Published by American So- 
ciety for Testing Materials, 1916 Race 
Street, Philadelphia 3, Pennsylvania. 
524 pages. Price $7. 


Specifications in this compilation 
cover pipe used to convey liquids, va- 
pors and gases at normal and elevated 
temperatures; still tubes for refinery 
service; heat exchanger and condenser 
tubes, and boiler, superheater and 
economizer tubes. Also included are 
specifications for castings, forgings, 
bolting anc welding fittings used in 
such installations. 

Over half the approximately 70 
specifications included have been re- 
vised since the 1959 edition was pub- 
lished. Many of the specifications for 
tubular products have been changed to 
include a more detailed description of 
the flattening test. Provisions have 
been added for making those tubular 
products not completely processed in 
accordance with the specification re- 
quirements. In the specifications for 
austenitic tubular products, marking 
requirements for various heat treat- 
ments have also been added. 
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RESNWieD) SEA 


FOR THE MAN WHO CAN SOLVE YOUR OWN 
INDUSTRIAL COOLING PROBLEMS — QUICKLY 


Knowing that the ‘‘slip stick’’ is not too far removed from 
the ancient abacus we have added a new dimension: 
electronic computation. Now in a fraction of the former 
time, and far more accurately, we can alternate all of 
the normal variables to develop the optimum cooler for 
your requirements. The combination of cooling “know 
how’”’ and accurate automated engineering is just one 
more of the advancements that keeps Happy ahead. 


THE HAPPY COMPANY ®@ Drower 770 © Tulsa 1, Oklahoma 





: one of a series presented by 
Western Supply Company, Tulsa, to 
improve the “1.Q."* of engineers .. . 
(*“Income Quotient”) 


“LOW FIRST-COST VS. LOW 
ULTIMATE COST” CONTRO- 
VERSY DEMANDS UNDER- 
STANDING OF ECONOMICS 


Ir omy of competitive 
bidd in the field of capital 
proce ent, the historic struggle 
betwee e economy and “low- 
dollar has been brought into 
sharp f lern cost engineering 
practice ilating and evaluating the 
event of such equipment 
can e a matter of “guesti- 
mate e. The practical facts 
of e é iust be faced. Process 
companie scrutinize closely ALL 
the f erned in engineering, 
const ation and continued 
operation pated maintenance or 
replacer can quickly increase 
the f n, and supposed first- 
cost e thus virtually or en- 
tirely 


Why engineering”, or engi- 
neerir in exotic term to 
most er et This is the Age of Spe- 
cializ i so it follows, given free 
rein é 1 frequently occurs. At 
the ther extreme is the “gimmick 
pushe I h that anything will 
suffice if the | e is right. Between 
these s the dedicated engi- 
neer 1 h parameters that will 
satisfy e highest degree the three 
= 5 of Men, Materials, and 
I ea 


Face hese problems, then, how 

ve the problem: “When 

is a eally low?" A multitude 

of al é contribute to the total 

\ the longevity of the 

equipment vy many spare parts will 

be req | often will shut-down 

be req ike repairs? How much 

equired? What are the 

econor equences of shutting down 
operation? 

Cost my consciousness is of 

prime é n each stage of process 

facture — from design 

and finally to in- 

peration. All aspects of 

be considered, not simply 

ious at the moment. 


ist be exercised when 
following 
factor involved in the 
equipment. During 
he greatest waste of- 
lesire to be conserva- 
my in design must, 
the criteria which apply 
process 
ement is interested in 
pay out in the 
f time, and this would 
buying only what is 
vest cost, at the time 
however, the life 
S maintenance, shut- 
her factors cannot be 


eac plece of equip- 
igned for its specific 
1 maximum benefit 
Excess-capacity equip- 
thout specific antici- 
expansion, represents 


*tition requires the 
of both short 
from design 
thr truction and operation. | 
This subject is treated in more detail in | 
our Booklet E-4, “Low First Cost vs. | 
Low Ultimate Cost,” and free copies | 
await you by writing WESTERN SUP- 
PLY COMPANY, P. O. Box 1888, TULSA, 
OKLA where the teamwork of | 
science, engineering, technology and eco- | 
nomics provide the optimum in the “cost- | 
engineered heat exchangers in your 
future | 


Oniues 
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“Handbook of Welded Steel Tubing,” 
published by The Welded Steel Tube 
Institute, Inc., Hanna Building, Cleve- 
land, Ohio. More than 140 pages. 
Price $10. 


Latest engineering and design data 
on electric resistance welded carbon 
and stainless steel tubing is assembled 
in this comprehensive new manual. 

Included for the first time in the 
fabrication section of the handbook is 
an illustrated chapter on joining meth- 
ods as applied to welded steel tubing. 
This includes both welded and me- 
chanical methods. Also featured are 
complete requirements for successfui 
bending, swaging, expanding, flanging 
and beading and upsetting. 


> “Manual on Installation of Refinery 
Instruments and Control Systems,” 
(API RP 550), first edition. Published 
by the American Petroleum Institute 
Publications Section, 1271 Avenue of 
the Americas, New York 20, N. Y. 
107 pages and 136 illustrations. 
Price $4. 


This manual covers installation of 
the more generally used measurement 
and control instruments and related 
accessories. Has sections on flow; level; 
temperature; pressure; automatic con- 
trollers; control valves and positioners; 
transmission systems; electrical power 
supply; hydraulic systems; instrument 
panels. 


Appointments: 


General Electric Company, Robert B. 
Moore, manager of process industries 
sales and engineering. 

Control Corporation, Daniel J. Love, 
product manager, advanced control sys- 
tems. 

Trent Tube Company, L. R. Miller, 
vice president, manufacturing. 

Oronite division, California Chemical 
Company, Carl J. Oldenburg, eastern 
sales manager, petroleum chemicals. 

Shand and Jurs Company, Vincent J. 
Salemme, chief engineer. 

Beckman Instruments, Inc., Scientific 
and Process Instruments division, Wil- 
liam C. Grimes, senior field service engi- 
neer. 

Chemical Construction Corporation, 
James Logan and George W. Chaille, 
sales engineers, petroleum and petrochem- 
ical division. 

Tube Turns Plastics, Inc., Milo H. 
Buzzee, engineering manager, and David 
W. Baird III, technical department man- 
ager. 

Petrolite Corporation, Tretolite Com- 
pany division, A. J. Fox, sales manager, 
Petrolite Limited, Eastern Hemisphere 
division, headquartered in London. 


PETRO/CHEM 
news makers 


> James A. Goolsbee and Dixon H. Cain 
have formed an engineering consulting 
firm in the Niels Esperson Building, Hous- 
ton, to handle process design, estimating, 
economic and feasibility studies for the 
Hydrocarbon Process Industries and oil 
and gas production. 

Goolsbee, formerly chief process engi- 
neer for Tellepsen Petro-Chem Construc- 
tors, also has been associated with Eastern 
States Petroleum Company and Good- 
year Synthetic Rubber Corporation. He 
holds a chemical engineering degree from 
Rice University. 

Cain was president of Fifteen Oil Com- 
pany, Houston, for nine years until the 
company’s merger with Tennessee Gas 
Transmission Company. Previously he 
was district petroleum engineer for Union 
Producing Company. He has a petroleum 
engineering degree from the University of 
Texas. 

Both Goolsbee and Cain are registered 
as professional engineers in the State of 
Texas. 
> Dr. Stephen L. Wythe is new product 
manager of the Paramins division of 
Enjay Chemical Company, replacing War- 
ren C, Wilson who was named head of 
the newly formed petrochemical depart- 
ment of Svenska Esso AB. 


> John S. Cromie has been named to the 
new post of general manager of Catalytic 
Construction Company, Philadelphia. 

Walter Cosinuke was appointed tech- 
nical assistant to the president to succeed 
Cromie. Cosinuke previously was tech- 
nical assistant to the manager of con- 
struction. 


> Dr. Robert G. Larsen August 1 will 
become oil research and development 
consultant at Shell Development’s Emery- 
ville, California, research center. He is 
currently manager of Shell’s Thornton 
research center near Chester, England, 
and previously was research director at 
Shell’s Martinez, California, refinery. 


> Dr. Robert J. Rosscup is now group 
leader in the research section, research 
and development department, of Ameri- 
can Oil Company at Texas City, Texas, 
where he is engaged in basic hydrocarbon 
research. 

> William B. Thrasher Jr. now is Midland 
division staff process engineer for Mobil 
Oil Company. 


> Michael B. Brewer has joined the re- 
search and development staff of American 
Oil Company, Whiting, Indiana, where 
he will investigate economics of newly 
developed refining processes. 





SOUTHWEST LOCATION 

3 — Worthington 3500 CMF air com- 
pressors, 24 x 15, Model #LTC-4, 
with 500 HP natural-gas engine 
drive. 

1 — Chicago-Pneumatic 3060 CMF air 
comp., 60 PSI, #19-32-30-18x24, 
steam driven. 

20 — 27,500 gal. horiz. steel tanks, 
ASME 75 PSI WP. 


PERRY EQUIPMENT CORP. 


1428 N. 6th St. Phila. 22, Pa. 
POplar 3-3505 
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~ GARWOOD-BUCKEYE 318 


Pipeline Ditchers Smash Production, Economy 
Records Across United States 
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318 HAS MOST RUGGED 
DIGGING WHEEL EVER DESIGNED 


Built to take continuous pounding in 
the toughest terrain, the digging 
wheel of the 318 is better structured 
than any other ever developed. 

Unlike conventional wheels, the 
318’s has a dual rim construction—an 
outer bolting rim and an inner, main 
rim. Since all buckets are flush- 
mounted to the outer rim, there are no 
stress-producing holes in the main 
members of the wheel. 


These rugged 34” rims are cold 
rolled from continuous bar stock, with 
no cross grain in the steel. Structural 
frame members are formed from high 
strength, rectangular stock, for maxi- 
mum shock resistance. The all-welded 
wheel frame has a truss-type design 





for far greater rigidity and resistance 
to lateral stress than conventional | 
single-beam frames. 

Engineering advancements like 
these are the reason the 318 is the | 
world’s most rugged pipeline ditcher, | 
built to stand up when the going is 
heavy, the most modern machine on 


any spread, 


| Wayne, Michigan . 


On steep grades in the Montana foot- 
hills, through hard Texas limestone 
—across the face of the United States, 
the Gar Wood - Buckeye 318 Pipeliner 
is breaking records for high produc- 
tion and low maintenance. 

This is not news to pipeliners who 
have tried the 318. It should be to 
those who haven’t. Because it stands 
as proof of Gar Wood-Buckeye’s 
claim: The 318 gives more production 
than any other pipeline ditcher—and 
at lower cost. 

One reason is the machine’s revolu- 
tionary Torqmatic Converter Drive. 
This was recently developed by Gar 
Wood-Buckeye to deliver the required 
torque, automatically, regardless of 
soil conditions. No other pipeline 
ditcher has it. 


Gar Wood’s Torqmatic Converter 
Drive maintains a fast, constant dig- 
ging speed, without manual gear 
changes or throttle adjustments. You 
get more rpm’s, a resultant savings in 
fuel, plus much more power at the 
digging wheel. A tail shaft governor 
adjusts engine rpm’s to maintain a 
constant output shaft speed as the 
subsoil changes in density and weight. 
At the same split second, the torque 
converter changes torque to meet the 
changed work load. 


The 318 is built to take it—it’s the 
most rugged pipeline ditcher on the 
market. Both hydraulic wheel hoist 


and hydraulic conveyor drive are 


standard equipment. It’s the first large 
capacity pipeliner compact enough to 
be transported on a standard low boy, 
the first with a tail shaft governed 
power train. 

Check this machine feature by fea- 
ture. Learn why pipeliners are break- 
ing records, beating schedules, and 
cutting costs with the 318. Learn why 
this is the ditcher for you. 


GAR WOOD INDUSTRIES, INC. 


Findlay, Ohio 





now... 

stop corrosion in 
LPG pipelines 
with Unicor LHS” 


An ideal corrosion inhibitor for use in LPG 
product pipelines, Unicor LHS is soluble in 
all hydrocarbon liquids. It stays with the 
product and gives continuing protection even 
to the point of safeguarding your customer’s 
equipment. 

A film-forming additive, Unicor LHS pref- 
erentially wets all metallic surfaces it con- 
tacts forming a protective shield. Its 
detergency action keeps troublesome deposits 
from forming. 

Highly corrosive salt brine from under- 
ground storage of Cs; and Cy; hydrocarbons 
causes extensive damage to pipelines and 
adds contaminants to the products as well. 
Unicor LHS protects both equipment and 
product from this salt-brine corrosion as 
well as corrosion from oxygen and water 
in above-ground storage. Wherever light 
hydrocarbon products are stored, trans- 
ported or used, Unicor LHS protects against 
corrosion... keeps equipment free of deposits. 

Get the facts today. Write or telephone 
our Products Department for full informa- 
tion and samples. 


UNIVERSAL Oli 
PRODUCTS COMPANY 


30 Algonquin Road, Des Plaines, 
Winois, U.S.A. 


@® WHERE RESEARCH TODAY 
MEANS PROGRESS TOMORROW 
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SHAPING THE FUTURE... in Pipelining 


POSITIVE DEPRECIATION ALLOWANCE LEGISLATION by 
Congress is a vital need of the construction equipment industry, 
Robert S. Stevenson, president, Allis-Chalmers Manufacturing 
Company, told a meeting of the National Industrial Conference 
Board recently. “If Congress would come through with a piece of 
really positive depreciation allowance legislation, the machinery 
industry should not only improve along with general business, 
but would become a major force in the economy’s advance,” 
he stated. 

OCEANOGRAPHIC STUDIES FOR OFFSHORE PIPELINES may be 
one of the uses for a remotely controlled vehicle designed to do 
the work of a diver on the ocean floor. The machine is controlled 
on shore through a coaxial cable, which carries simultaneously 
38 sets of commands to the machine plus two TV signals from it. 
It rides along the ocean floor driven by an electric motor, and 
can descend into water pressures of 10,000 psi. The equipment 
is undergoing performance trials at the Scripps Institution of 
Oceanography, La Jolla, California, where it was designed. 


RECOMMENDED PRACTICES FOR MAINTENANCE and calibration 
of the rotameter have been completed by the Instrument Society 
of America. Before they are published, however, ISA wishes to 
obtain as broad an industry review as possible and is making 
drafts of ISA-RP 16.5 and ISA-RP 16.6 available upon request 
to: L. N. Combs, E. I. duPont de Nemours and Company, Inc., 
Louviers Building, Newark, Delaware. 

FPC PROPOSES TO AMEND ITS RULES for determining when natural 
gas is of pipeline quality. Criteria in the proposed standards will 
include heating value, water content, liquefiable hydrocarbons, 
hydrogen sulfide and sulfur content, freedom from objectionable 
odors, dust, solid or liquid matter that may interfere with 
merchantability or line operations, delivery point conditions, and 
pressure. 

NATURAL GAS MAY SOME DAY BE USED TO DRIVE AUTOMO- 
BILES and trucks, possibly in the not too distant future. Already 
farm tractors are being powered experimentally by means of the 
fuel cell principle whereby natural gas is changed into electrical 
energy. 

PENDING BEFORE THE FEDERAL POWER COMMISSION on May | 
were applications for 7093 miles of gas pipelines and 664,980 
compressor hp. Estimated cost: $874,677,557. This represents 
199 applications. 
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NEW BARBER-GREENE 777 
WORLD'S LARGEST, FASTEST 
FULL-CRAWLER WHEEL DITCHER 


The new Barber-Greene Model 777 is the world’s 
largest, fastest, and most powerful full-crawler 
pipeline ditcher. The Model 777 digs up to 40% 
faster, weighs 37% more, has 40% more power 
and digs one foot deeper, than any other full- 

line wheel ditcher. The machine 
weighs 57,000 lb., is powered by a 135 hp diesel 
engine, and digs 8’ 6” deep and 54” wide trench. 
Top trench width may be increased to 10’ or more 
through use of slopers. 

The 777 has the digging capacity, weight and 
power of half-track ditchers with maneuverability 
never before available on any full crawler ditcher. 
The 777’s dual-range “Hydra-Crowd”—independ- 
ent full-hydraulic drive to each track, puts an in- 
finite number of crowding speeds from zero to 66 
fpm at the operator’s fingertips. Time consuming 


crawler pip¢ 


clutching, shifting and braking while digging are 
eliminated. Since one track may be driving for- 
ward while the other is in reverse, the machine 
turns within its own length without stress buildup 
from locked tracks, walks through heavy footing 
and quickly positions for crossings or set-ins. 

All machine operating functions such as crowd- 
ing, transmission wheel speeds and wheel hoist are 
completely independent of each other. Spoil con- 
veyor is hydraulically driven, and belt speeds are 
again infinitely variable up to 1,000 fpm. Digging 
wheel is mechanically driven by short, completely 
housed drive chains, and split drive shaft. Three- 
point track suspension and a split drawbar are 
other production-boosting features. 

Write for new 777 Bulletin, specifications and 
comparisons. 


“Our Model 777 outdigs competitive ditcher by over 30%,” 
says Vice President Dick Cagney, Contracting & Material Co. 


Contracting & Material Co., Evans- 
ton, Ill., dug approximately 70 miles 
24, 26 and 30” pipeline trench with 
a Barber-Greene 777 during 1960 and 
Vice President Dick Cagney says: 
“Working on the same jobs with a 
competitive ditcher, the new 777 gave 
us 30% more ditch per day. We aver- 
aged 6,000’ in 10 hours when trench- 
ing 46” wide, 644’ deep and sloping 
to 814’ with peak production hitting 
7,000’. I don’t see why everyone 
doesn’t have a 777 because of its high 
productivity and low maintenance.” 
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MODEL 777 FAR EASIER TO MAINTAIN 
In addition to being the most productive 


wheel ditcher of its type, the new Model 777 
digs more hours per week because of mini- 
mum maintenance requirements. The 777 
has 31 fewer sprockets, 75’ less driving chain, 
17 fewer sheaves and 322’ less cable than pre- 
viously available ditchers. It has no multiple 
shifting transmission or conveyor transmis- 
sion to tinker with. By using three simple LOWBOY PORTABLE. The Model 777 is the only wheel ditcher of 
hydraulic rams, the 777 eliminates a hoist pene Ren ben pine _— oy RRRay Semi wen a0 
transmission with four clutches, four hold- 


ing brakes and four winding drums. 


Manufacturer of the only modern ditcher line 


f se 


Main Office and Plant AURORA, ILLINOIS, uo ee 


Other Plonts: DeKalb, Milwoukee, Detroit, Canada, England, Brazil, Australia 


CONVEYORS *© LOADERS © DITCHERS © ASPHALT PAVING EQUIPMENT 
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essor building area showing the lube oil storage 
tarting air storage tanks, fuel gas scrubber, com- 


ac d lub il air-cooled h 
exhoett sloncers, end air ihe Wie: Goh co APRESSOR 
ling is a corrugated transite structure. 
STATION 
DESIGN 
FITS 
SPECIAL 
? © f the 2000-hp, 8-cylinder compressor units, of 


Ww ere were two at this station. Piping connections 
at jht are for the gear-driven fot ta air cen- NEED 
trifuga wer. Engine fuel gas and starting air piping are 
at the left of the engine. Panel board at far left contains 
the inst s that control, start, stop, and load the engine. ‘ 
Instrum ted on the individuol engine panel boards One of the newer natural gas trans- 
recor ontrol the engine jacket water and lube oil tem- mission systems extends from deep 
1 engine jacket water pressure. South Texas to Miami and other Flor- 
ida points, crossing the last U. S. con- 
suming frontier. 

Consisting of 2602 miles of pipe in 
main transmission and lateral lines and 
eight compressor stations, it is operated 
by Coastal Transmission Corporation 
and Houston Texas Gas and Oil Cor- 
poration, both owned by The Houston 
Corporation. 

New stations and additions pending 
would add 42,500 compressor hp. 

Compressor stations were designed 
and equipment selected to satisfy par- 
ticular operating demands. 

On this and succeeding pages are 
pictured and explained the special fea- 
tures of the stations. Stations repre- 
sented are typical of the entire system. 

Photographs | through 10 were taken 
on the Coastal portion of the line, ex- 
tending from a point near McAllen, 
Texas, to Baton Rouge, Louisiana. 
From that point Houston Texas Gas 
and Oil takes the gas into and through- 
out Florida. Photographs 11 through 
13 were taken on this section. 
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mounted above the compressor cyl- 

inders on this 8-cylinder gas engine. 
Manually operated compressor valve un- 
loaders are mounted in the upper portion 
of the compressor cylinders. 


3 The suction pulsation dampener is 
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matically operated station main yard 

piping valves are shown in left fore- 
ground. The automatically operated valve, 
together with the automatically operated 
block valve in Photo 6, may be operated 
remotely to block off the station com- 
pletely from the pipeline. The two double- 
ported relief valves in this picture serve 
as suction and discharge yard piping re- 
lief valves. They may be operated re- 
motely to blow down the yard piping in 
case of an emergency. Small volume tank 
and instruments at right serve as line 
break controls to shut off the station from 
the pipeline in case of a nearby line break. 


4 Two manually operated and one auto- 


engine governor and pulse gener- 

ator. Lube oil circulating pump is at 
bottom center. At right is backside of 
engine control panel board. 


H Near the top center is shown the 
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Inlet sr showing the inlet 
gas | ent, relief valve, 
and Block valve in the 
is ¢ an operator for 
1 closing either by 
manual connection with 
the emer wn system. Control 
le of the picture 
let gas scrubber 
engine shutdown 


rear 


automat 


valve 
drains 


to storag 


control is the side of the 
scrubber 


Eng jacket water air- 
angers. Jacket 
belt-driven from a 
engine fly wheels. 
Engine from the jacket 
water | fugal pump running 
backwar turn drives a fan 
throug year, circulating air 
to cool tl be oil and jacket 
water. Te f the engine jacket 
water a naintained by the 
three wn for each unit. 
Station ra ye tank is in the 


w 


sheave 


right ba 


essor suction, dis- 
cha iss loading valves, 
eq perators. These 
valves a ndividually or in 
pre-set s¢ pressor loading from 
the eng ard. The discharge 
outlet re the background is 
mounte scharge piping from 
the com; elief valve may be 
operate y from the engine 
panel b wing down the com- 
pressor e the building. 
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showing the full flow lube oil fil- 
ters, air intake filters, and exhaust 
silencers. 


g View of compressor station building 


first and second stage compressor 

station fuel gas regulation. These 
regulators are of a new design and have 
given excellent service thus far. 


10 Regulators with pilots used for 
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Texas Gas and Oil section of the 

system is this 2000-hp, 4-cycle 
compressor. Engines are supercharged 
and drive horizontal pancake compres- 
sors. The engines were designed spe- 
cifically to meet unusual requirements. 
They can operate at full and overload 
capacities and with ambient air tempera- 
tures up to 105 F. 


] 1 Typical of the units on the Houston 





Each engine snitized, having an 
1 2 in anel board. The board 

cor struments for starting, 
stopping, otherwise control- 
ling the er Jer-controllers and 
indicators »perator of pres- 
sures, spee eratures. 


, eat exchangers at left 
f yine lube oil and 
jack See also caption to 


Photo 7 e engine exhaust si- 
lencers ar ke filters; in back- 
ground, sta rage tanks. & & 
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REMOTE CONTROL OF 
SHOSHONE SYSTEM 


LEE B. TULLY, JR., Senior Systems Engineer 
ROBERT L. DEUTSCH, Senior Project Engineer 
International Controls Corporation, Houston, Texas 


Shoshone Pipeline, Ltd., has in- 
stalled a supervisory control and data 
gathering system on its Cody, Wyom- 
ing, to Billings, Montana, products 
pipeline that performs two principal 
functions: 


@ Allows complete control of the 
pipeline system from the delivery ter- 
minal at Billings. 


@ Provides the Billings operator 
with all data necessary for proper 
operation. 


As an added feature, telephone com- 
munications are provided over the 
same leased circuit that serves the con- 
trol and data gathering system. 


The Pipeline 

The pipeline itself is a new 96-mile, 
6-in. line carrying refined products 
from the Husky Oil Company refinery 
at Cody to a receiving terminal at Bil- 
lings. Its single pump station located at 
the Cody terminal consists of five tank 
suction lines with one motor-operated 
valve per line, one suction booster 
pump, one inhibitor pump, two posi- 
tive-displacement meters, and two main 
line centrifugal pumps powered by 
electric motors and operated in series. 

The Billings receiving terminal con- 
sists of five Continental Oil Company 
tanks with motor-operated valves, two 
positive-displacement meters, and one 
motor-operated main line valve. 

This pipeline was designed and built, 
and is being operated by Continental 
Pipe Line Company of Ponca City, Ok- 
lahoma for Shoshone. 


Operation Required 


The operator at Billings has control 
over all equipment at both the Billings 
and Cody terminals. Equipment at 
Billings is connected directly to the 
Billings control panel, which is located 
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in Yellowstone Pipe Line Company’s 
station, whereas equipment at Cody is 
connected to the same control panel 
via electronic remote control equip- 
ment. 

From this single control panel, the 
operator may open and close all valves, 
start and stop all pumps, shift meter 
heads, and control product samplers 
He also can control the communication 
line so that it may be used for voice 
communication as well as for remote 
control and data gathering. How this 
is done will be discussed later. 


The Equipment 


Equipment to perform these opera- 





Cabinet at Billings terminal containing 
equipment for control of entire Shoshone 
system 


tions consists of two cabinets—one at 
each of the terminals—with the cab- 
inet at Billings containing all equip- 
ment necessary for complete supervi- 
sion of both terminals. 

The cabinet at Billings is a free 
standing cubicle 70 in. high, 48 in. 
wide, and 30-in. deep. It is divided into 
three sections of approximately equal 
height, each of which is covered by an 
individual, horizontally-swinging door, 
to provide front access to all internal 
equipment. Various items are mounted 
on the two upper sections’ doors, while 
the bottom section’s door is blank. 

Center section of the cabinet con- 
tains equipment for local operation at 
the Billings terminal. Each of the ac- 





Equipment cabinet at Cody "slave" station. 
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some future time. 
e of the unique 


features of this equipment is that it 
shares a single telephone channel with 
the normal voice communication 
equipment. If someone at Cody wants 
to talk with the Billings station, he 
presses a button on the equipment 
cabinet at Cody, and the “Telephone 
Request” lamp on the Billings cabinet 
is illuminated. The Billings operator 
then establishes the voice connection 
by pressing the “Telephone” pushbut- 
ton. This button connects the tele- 
phones and disconnects the control 
equipment from the line. A normal 
conversation may then be carried on. 
But if an alarm condition should occur 
at Cody during a conversation, the 
control equipment seizes the telephone 
circuit to transmit this alarm to Bill- 
ings, thereby ending the conversation. 
Reconnection may be established by 


once again depressing the “Telephone” 
button at Billings. 

This mode of operation, although 
not as convenient as it might be, has 
the advantage of requiring only a 
single circuit for both services, rather 
than the normal two channels with 
their attendant double cost. 

Equipment at Cody consists of a 
single cabinet 72 in. high by 30 in. 
wide by 10 in. deep. In addition to the 
required electronic communication 
equipment, this cabinet contains power 
supplies, standby nickel-cacGmium bat- 
teries, battery charger, and the neces- 
sary power relays to directly control 
the motor starters, valve, and other 
actuators. Total power consumption 
of the unit is only about % amp at 
115 v a. c. The only control on the 
Cody cabinet is the telephone request 
button. 








Valving at Billings, which is connected directly to control panel at that station. 
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Over 95% of the __ 
pipe-type cable systems 


in the U.S. are protected 
by SOMASTIC 


josh el-Meler-tebaler 


Full information about SOMASTIC* protection for pipe-type cable systems, 
and the advantages offered by use in highly congested areas, 
is available from the H. C. Price Co. office or plant nearest you. 


aiwision 


HOME OFFICE: Price Tower « Bartlesville, Oklahoma 

CABLE ADDRESS: HCPCO 

GULF COAST PLANT: P. O. Box 263 « Harvey, Louisiana 

EAST COAST PLANT: P. O. Box 6120, Bustleton + Philadelphia 15, Pennsylvania 
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ment will operate exactly as the 
operator intends without regard to 
power failure, line surges, lightning, 
communication channel noise, varying 
line delay and attenuation characteris- 
tics, or control equipment failure. 


4. Construction of the equipment 
in a way that allows small size and 
simple installation without sacrificing 
easy access to all portions of the equip- 
ment for servicing purposes while the 
equipment is operating. 


5. Provisions in the design that 
allow a single communication channel 
to serve both the control and data- 
gathering equipment and normal voice 
communication requirements. 

The system normally operates in a 
continuous scan cycle, automatically 
requesting the latest information (read- 
ing or status) on each quantity of 
interest, one after another in a never- 
ending sequence. By means of this 
method, the panel is automatically up- 
dated every 42 seconds. 

‘As an illustration of the normal 
operation of the equipment, the various 
steps that occur when the operator 
decides to open a valve at Cody are 
as follows: 


1. The operator pushes the “Open” 
button on, say, the valve out of tank 
No. 125. 


2. The button’s operation is remem- 
bered by an electronic latch (similar 
in operation to a latching relay cir- 
cuit). 


3. The equipment shifts out of its 
normal continuous-scanning cycle into 
a control-message mode of operation. 


f Cody station. Operation is by remote control from Billings 


4. The “open valve #125 at Cody” 
command is translated into a numerical 
code, which has this distinct meaning 
within the equipment and which also 
contains within itself additional infor- 
mation to allow detection of any 
change to the code that would alter 
the intended meaning. 


5. The code is placed in “memory”, 
and is transmitted on the communica- 
tion circuit as a sequence of tones, 
which is received by the equipment at 
Cody, checked to see whether the mes- 
sage has changed its meaning during 
transmission, and routed into a “mem- 
ory” section where it is stored for 
future use. 


6. The Cody equipment then auto- 
matically reads the message in its 
memory, and transmits the information 
to Billings exactly as the original mes- 
sage was sent from Billings. 


7. This new message is received in 
Billings, checked for transmission 
errors, compared to the originally 
transmitted message (in “memory” at 
Billings), and if the two exactly com- 
pare, a second message is automatically 
sent by Billings — a code that says in 
effect “OK, go ahead and do it.” 


8. When this “go ahead” message is 
received and checked at Cody, it re- 
leases the previous message being held 
in “memory”. This original message is 
then decoded, or translated back into 
a voltage on a single wire — exactly as 
was created initially by pressing the 
button. This voltage then closes a 
power relay that directly controls the 
valve operator. 


While this is going on, the valve- 
position lamps on the control console 
are changing to indicate to the operator 
exactly what the valve is doing. After 
the operation is complete, all the 
“memory” circuits are erased, and the 
units return to their normal continuous 
scanning cycle. 


Operating History 

The Billings-Cody pipeline was 
placed on remote control December 
15, 1960. Since that time, the control 
equipment has operated satisfactorily 
without maintenance or adjustment. A 
longer operating period will, of course, 
be necessary before any final conclu- 
sion can be reached as to the overall 
operating benefits, but, experience to 
date has indicated complete success of 
the system. 

We would like to express our thanks 
to the personnel of the Continental, 
Shoshone, and Yellowstone Pipe Line 
companies for their assistance and 
cooperation, and for their permission 
to publish this article. xe 
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Dust In Gas Streams 


A REPORT ON SUSPE 


a + Tae 


NDED PARTICLES IN GAS SYSTEMS 


Part 2: Instruments for Collecting and Identifying Particles 


Charles B. Moore, John R. Ehrenfeld, 
and Norman M. Wiederhorn 
Arthur D. Little, Inc., Cambridge, Massachusetts 


PARTICLES PRESENT IN GAS DISTRIBUTION AND TRANSMIS- 
SION SYSTEMS may result in considerable maintenance and 
service expense. Liquid particles are composed primarily of 
hydrocarbon oils. They appear as a result of oil fogging, oil 
losses from compressors and oil bath scrubbers, and from 
condensation phenomena accompanying pressure reduction 
Solid particles present in gas streams usually consist of silica, 
rust, and gum-like products; the latter have their origin in 
manufactured gas. Primary origin of the inorganic solid 
particles would appear to be erosion and corrosion of the 
lines, construction dirt, and dust that has its source in the 
well head. 

In order to evaluate corrective measures for minimizing 
the concentration of undesirable suspended particles, it is 
necessary to have suitable instrumentation for determining 
particle concentration in the gas stream. A complete analysis 
of the particulates should provide information concerning 
the size distribution of the particles and their chemical com- 
position as well as a measure of particle concentration. 

Numerous instruments have been employed for char- 
acterizing particles in gas streams. They fall into two princi- 
pal categories — monitoring instruments and particle col- 
lection devices. 

Monitoring instrumentation gives a continuous record in 
time of one or more characteristics of the suspended parti- 
cles. The monitoring instrument that has been employed to 
the greatest extent in particle work is the forward angle light 
scattering instrument. This device measures the intensity of 
the light scattered by the suspended particles. With suitable 
calibration, this may be related to the concentration of the 
particles in gas. Other monitoring instruments of interest are 
the electrostatic surface area meter, the charged wire im- 
pinger, and jet tape collectors. These are but a few of the 
many instruments that have been employed, with at least 
some degree of success, for monitoring particles. 

Collection devices remove samples of the particles sus- 
pended in the gas stream in a form such that they can be 
examined either with the microscope or by usual chemical 
and physical techniques. Such instrumentation includes fil- 
ters, impactors, thermal precipitators, impingers, centrifugal 
separators, etc. In general, it is possible to obtain more infor- 
mation regarding the suspended particles from collectors of 
this type than from monitoring equipment. Analysis of the 
sample, however, often requires considerable skill and time 
Nevertheless, the effort expended in obtaining and analyzing 
such samples results in a larger accumulation of knowledge 
concerning the suspended matter present in the gas 

When using collection devices, additional adjunct instru- 
mentation is usually necessary. This class of instruments 
includes the various microscopes and analytical devices fot 
the characterization of the collection. One such device, a 
differential conductivity meter, sizes and counts solid partic- 
ulates rapidly and accurately and in many cases promises 
to eliminate the tedium of microscopic analysis 


Monitoring Instruments 
Instruments of this type generally determine some prop- 
erty of particles directly in the gas stream. As a result, the 
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property measured can be considered representative of ac- 
tual conditions; no alteration of particle properties by the 
forces necessary for collection need be considered. Monitor- 
ing methods are often ambiguous in that the property 
measured is usually a complex function of particle mass 
or diameter. 

Various light scattering instruments have been employed 
for the analysis of dust suspended in liquid and gaseous 
media. The simplest is the Tyndalometer or slit ultramicro- 
scope. With this instrument a sample of the fluid is brought 
within the field of view of a microscope. The sample is 
illuminated with a light beam that is at right angles to the 
axis of the microscope, and the light that is scattered is 
observed through the microscope (Fig. 1). With this instru- 
ment each particle is observed as a bright spot on a black 
background. Therefore, it is possible to determine the 
number of particles in a given volume of fluid. No informa- 
tion is obtained with regard to the particle size or mass 
concentration. The instrument is not truly a monitoring in- 
strument as the operator must make a visual observation. 

The first truly monitoring instrument based on light scat- 
tering was described by LaMer and Sinclair.’ In this instru- 
ment the light, which is scattered by the particles in the direc- 
tion of propagation of the light beam, is gathered onto a 
photocell and measured. This is achieved by the use of dark 
field optics (Fig. 2). The forward-angle light-scattering 
photometer described by LaMer and Sinclair has been 
modified to make it adaptable for use with gases at pres- 
sures of 2000 psi and less. This work was done at Arthur 
D. Little, Inc. under sponsorship of the American Gas Asso- 
ciation on PAR projects PF-15 and NFX-12.? The A.G.A. 
light-scattering photometer gives a continuous record of the 
light scattered by material suspended in the gas stream. 
This, in turn, may be correlated with the concentration of 
the suspended particles. It does not give direct information 
concerning the size of the particles. 

Light-scattering instruments have been described by 
Gucker and others,*:* that count and size the particles auto- 
matically. In these instruments, the aerosol is passed through 
a sharply defined illuminated region in such a manner that 
light pulses from individual particles are recorded. To reduce 
the coincidence of counts, very dilute aerosols must be used. 
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Fig. 1. Diagram shows operation of Tyndalometer 
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Dilution of high concentration aerosols is therefore neces- These are but some of the continuous recording instru- 
sary. This is a serious disadvantage when dealing with vola- ments that have been developed. In practice, none have 
tile droplets. For particles of similar refractive index, the found widespread usage. The forward angle light scattering 
amplitude of the light pulse can be related to the size of the instrument has been employed most extensively and has 
particles. Partic is small as 0.5 microns can be counted. been more thoroughly investigated than the others. Only a 
Methods based on light transmission have been used for few gas companies have had experience with such equip- 
monitoring purposes and commercial instruments based on ment to date. 
this princiy iilable.® Generally, the aerosol concen- 
trations aré w that excessively long optical paths are Particle Collection Devices 
necessary for adequate sensitivity. An interesting variation A large number of particle collection devices have been 
on light transn n methods is the condensation nuclei described and used. The characteristic feature of such de- 
apparatus in which water vapor is condensed on submicro- vices is that a sample of the gas is brought to the collector, 
scopic particl Che resulting water droplets are uniform in which separates the suspended particles from the gas stream. 
particle size | the light transmission through them is then In this manner the particles are concentrated to a sufficient 
directly relat the number of particles in the gas. This extent so that they may be examined. Examination of the 


is useful only 1 ibmicron particles. ’ collection falls into three principal categories. 
An electrostatic particle counter has been described by 


Guyton.’ TI strument consists of a wire placed in the 
gas stream. Particles impinging on this wire produce an elec- 
tric impulse that is amplified and recorded. Particle popula- 
tions may bi termined by this device. In addition an 
empirical relationship exists between particle diameter and 2. The collection may be subjected to chemical analysis 
the amplitude of the electrical impulse. Thus, particle size to determine the chemical constitution of the material that 
distributions be obtained. The device is not satisfactory is carried in the gas stream. Various analytical procedures 
for submicron particles. have been employed for this purpose ranging from simple 

With the rostatic surface area meter ® the particles qualitative to complex and exhaustive quantitative proce- 
in a gas stream are charged by passing through a corona dures. 
discharge. The total charge accepted by the particles is 3. Particle collections may be examined to determine the 
measured by ng the charged cloud through an insulated number of particles in the gas stream, and the size and size 
section of pipe. The potential developed in this section is distribution of these particles. Generally, when information 
proportional to the total charge on the particles. This, in of this type is required, the particles must be collected and 
turn, is proportional to the surface area of the particle for observed as individual entities. There are collection devices, 
spherical part Unfortunately, the charging mechanism however, that have been constructed that classify the par- 
is complex fi rticles less than about one micron in diam- ticles according to size. 
eter and the one to one interrelation of surface area and 
charge disappeat 

More serious, however, is the fact that with nonspherical 
particles having sharp edges, the charge that is accepted by 
the particle may be appreciably less than would be antici- 
pated on the basis of the surface area of the particle. This is 
due to the fact that the charge leaks off sharp edges and 
points. The 1 tude of such errors has not been evalu- 
ated, but it 1 be expected to be considerable. 


1. It simply may be weighed. If this is done and the vol- 
ume of gas from which the particles were removed is known, 
then the mass concentration of suspended matter is deter- 
mined. 


Collection devices discussed in the following paragraphs 
are those that have been employed most extensively or have 
particular features of greatest interest. They are but a few 
of the many instruments that have been described. 

Filters are the most common and generally the most use- 
ful collection devices. Two general types of filter media have 
been used, namely, filter mats such as papers, felts, etc. and 
porous membranes, such as the Millipore filter. 

An instrument of considerable interest for sampling The filter mats are normally employed when it is desired 
liquid partic s the hot wire evaporator.® A wire is sus- to collect samples for gravimetric or chemical analysis or 
pended in the gas stream and maintained at temperature both. The particles are collected throughout the depth of 
by an elect rrent passing through it. Liquid particles the mat and consequently cannot be examined individually 
striking the evaporate, This in turn cools the wire, for a particle size analysis. Specific papers for work of this 
causing a change in the resistance. If the wire is maintained nature have been prepared; most noteworthy is the “Abso- 
at a sufficiently high temperature, the evaporation will be lute” filter paper.*® This material is characterized by a low- 
rapid and the ge in resistance can be observed as a pulse. pressure drop through the filter and by a collection efficiency 
From the size of the pulse, information can be gleaned con- greater than 99.9% for particles as small as 0.3 microns 
cerning the ticle size. Principal disadvantage of this (Fig. 3). Furthermore, it is an all-glass filter media and con- 
instrument is that it is also a hot wire anemometer of ex- sequently the collection can be subjected to most common 
treme sensitivity. Consequently, the linear velocity of the analytical procedures. 
gas past the e must be maintained constant. Turbulent The membrane-type filter medium collects the particles 
flow cannot tolerated, since eddies will be recorded as on the surface of the membrane."* Consequently, the collec- 
narticles tion is on an essentially flat plane. This facilitates micro- 
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CONTROL... essential element in economy! 


In any engineering or construction project the real basis of economy is fast completion. Brown & Root has 
become legend for putting plants ‘‘on the line’’ ahead of schedule. This is possible because, with its 
own personnel and equipment, Brown & Root has the capability of a “‘turnkey’’ job. Every step is care- 
fully controlled, from engineering through the manifold steps of construction and equipment installa- 
tion. This ‘‘control’’ can be interpreted in fast, economical completion for you. lf your organization is 
planning new construction or plant expansion, you'll profit by talking to the man from Brown & Root. 


BROWNsROOI: 


ENGINEERS « CONSTRUCTORS 


NEW YORK TORONTO 

LONDON EDMONTON 

MONTREAL SAO PAULO 
WASHINGTON 


POST OFFICE BOX 3, HOUSTON 1, TEXAS CABLE ADDRESS: BROWNBILT 
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Fig. 4. Filter holder for both membrane-type filters and filter mats. 


to be impracticable. Wall losses and particle agglomeration 
also become appreciable over long periods of time. 

A large number of instruments based on the principle of 
impingement are available. Among the earliest instruments 
developed were the one stage impactors such as the Koni- 
meters, the Owens-Jet Dust ** and the Bausch and Lomb 
Dust Counter.** 

In the last two instruments, air is sucked by means of a 
hand pump into a mist chamber before being passed through 
a slit where it impinges against a collection plate. Conden- 
sation of moisture due to expansion downstream of the slit 
assists in the deposition. Analysis of the sample is by micro- 
scope. The instruments, although simple, are not highly 
efficient. 

Impactors generally operate as grab samplers in that the 
collected sample represents the aerosol picture over the 
small length of time required to collect the sample only. 
By slowly moving a collection tape past a stationary jet the 
sample may be integrated over extended periods of time. 
When it is possible to analyze the collected sample continu- 
ously the instrument operates as a monitoring device. Optical 
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Fig. 5. Schematic of Cascade Impactor. 





Fig. 6. Diagram of Smith 
Greenburg Impinger. 
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Here’s why hot dope 
stays intact 

when J-M wraps 

are specified 


Every now and then, somebody is convinced he has 
found a new system that offers better pipe protection. 
Claims are claims; but proof is proof. When actually 
put to work in the field, we see so many other sys- 
tems fail .. . while “old reliable” J-M Transhield and 
J-M Blue Flag pipe wraps go right on, year after 
year, giving protection that never takes a holiday. 


Some day, J-M Research may develop a new pipe 
protection system that will prove to be better than 
Transhield and Blue Flag. But right now, you just 
can’t find more efficient insulation against the electro- 
chemical reactions that cause corrosion. Here’s why 
these two J-M wraps so effectively keep hot dope in- 
tact and pipelines dry: 


J-M BLUE FLAG’ isa porous fiber glass 
mat which gives coatings extra strength and working 
life. It reinforces the enamels so they are better able 
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to resist cracking, breaking, chipping or flaking .. . 
both during installation and after the pipe is in the 
ground. 


J-M TRANSHIELDL’ is an asbestos felt 
which provides a tough, durable outer shell. Because 
it is made with asbestos, Transhield forms a stone- 
like barrier against forces attacking the pipeline. 
Transhield is available impregnated with either coal 
tar pitch or asphalt. 


Johns-Manville offers you almost 50 years of experi- 
ence in pipeline protection . .. two wraps that reduce 
maintenance and add years of life to pipelines. Rely 
on Blue Flag and Transhield. Specify them. 

For more information, write to Johns-Manville, Box 
158, Dept. P7, New York 16, New York. In Canada: 
Port Credit, Ont. Offices throughout the world. 
Cable: Johnmanvil. 


JOHNS-MANVILLE YJ} 
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Fig. 7. Spiral sampler. 


also a major development.’*® The problem is a difficult one 
and much remains to be done along these lines. 

A differential conductivity counter has recently been de- 
veloped for counting and sizing particles suspended in a 
conductive liquid media.*° It is based on an entirely new 
concept analysis and in many instances eliminates the need 
for tedious, time consuming microscopic counts. 

A suspension of particles in a conductive liquid is passed 
through an aperture through which an electric current is 
flowing. When a particle is in the aperture the resistance 
of the circuit increases in proportion to the volume of the 
particle. Thus, each time a particle passes through the aper- 
ture there is a negative pulse in the conductivity of the 
suspension. The size of the pulse is a direct function of 
the particle size. The instrument counts the pulses and their 
magnitude. It is sensitive for particles ranging from about 
0.5 to 200 microns in diameter and is extremely fast. 

The instrument is readily amenable for use with a collec- 
tor such as the impinger. By proper choice of conductive 
media a series of size analysis could be taken which would 
separate different chemically particulate constituents. The 
possibilities at the present time are extremely attractive. 
Agglomeration of the particles in the collector would prob- 
ably be a main source or error. Fortunately, in most cases 
the signal response will be independent of the electrical 
properties of the particle. 
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New Teletype 1000-speed tape units 


Here are two new units that offer the advantages of 
punched paper tape at 1000 words per minute—and 
combine traditional Teletype dependability with de- 
sign simplicity and relatively low cost. Used together, 
the CX reader (left) and BRPE punch (right) are ideal 
for tape-to-tape communication of bulk message or 
statistical traffic via the new Data-Phone service. The 
reader and punch may also be used individually for 
communicating data to or from computers, and other 
devices associated with data processing, telemetering 
and similar communications functions. 

These high-speed units operate on a parallel-wire 
signal path, in either transistorized or vacuum tube 
circuits. For serial transmission over conventional voice 
channels, signals can be converted by external facilities. 
A pulse generator, adjustable through a full 360 de- 
grees, triggers the external signal storage and provides 
optimum synchronization of intelligence transfer. 


Tape Reader —Will read chadless or fully perforated 
tape, in 14", 7%” or 1” tape widths. Includes a set of 


auxiliary timing contacts that operate simultaneously 
with the sensing pins and assure accurate synchroni- 
zation with associated transmitting equipment. Dimen- 
sions: 5” high, 6” wide, 11” deep. Models available for 
reading 5, 6, 7, or 8 level codes. 

Tape Punch—Produces fully perforated tape. 
Equipped with “low tape’? warning mechanism which 
can be wired to external alarms. Tape container de- 
signed for easy access. Dimensions: 12” high, 8” wide, 
1614" deep. Available in two models—one for punching 
standard 5-level communications code ('!j," tape); the 
other adjustable for punching 6, 7 or 8 level codes 
(7%" or 1” tape). 


Teletype Corporation manufactures this equipment 
for the Bell System and others who require the utmost 
reliability from their data communications facilities. 
For free descriptive literature on the CX and BRPE 
units, write Teletype Corporation, Dept. 47-G, 5555 
Touhy Avenue, Skokie, Illinois. 
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@ | YOUR PERSONAL STUDY SERIES 


Instrumentation, Controls, and Automation 


Pat 7: Telemetering 


Validity of Information Since we are using only five steps, there is a limited num- 
We ha | in detail the three parts of the digital ber of different messages we can send or different condi- 
message, V de up of validity, address, and data. tions we can characterize. With five steps only, nine different 
We have d validity checking in previous parts of commands can be given and still maintain two out of five 
Digital such as totalizing and party checks. steps short. 
lotalizing king of the number of bits in a message Fig. 24 shows an acceptable message since two, four, and 
to see ti total is reached. Parity checking is six are short. Fig. 25 is the same message length but with 
made up e that the message or a portion of the step 4 shown long instead of short. This means steps 2 
of an odd number of bits in the “yes” through 6 have two short steps and three long steps. This 
does not meet the three out of five rule requirements. This 
message would be rejected by the logic circuitry in the re- 
Three Out of Five Parity Checks ceiving equipment. This type of validity checking has certain 
An int riation in parity checking is the three advantages from the message noise standpoint but carries 
out of fis heck. In Fig. 24, the message pattern with it disadvantages. The main disadvantage is that only a 
is show! he mark and the space state to carry limited amount of information can be characterized and, 
informatior the length of each step to characterize therefore, usually other methods or combinations of validity 
whether e es or a no. checking are employed rather than three out of five check- 
The p hown has 15 steps, with the start or ing. This is especially true when a high degree of security is 
number id the stop or number 15 step long. desired, as well as when a large amount of information 
Address and data are included in steps 2 needs to be characterized, in a given band width of 
through 14 communication. 
To den three out of five validity check only 
steps 2 thr used. The rule that must be followed 
is: Three st short in steps 2 through 6 for accept- Redundancy 
ance. Lo the receiving equipment would be Redundancy is another validity checking technique used 
designed t condition before executing receive in digital telemetering systems. It is most conveniently util- 
instruct ized when translating commands from a central control 


message 


state, or nber of bits in the “no” state. 














THREE OUT OF FivVE CHECK i 
RULE: THREE STEPS MUST BE SHORT FOR ACCEPTANCE 
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TOTAL OF S$ STEPS 


3 SHORT STEPS 
2 LONG STEPS 





FIG. 24. Meaning of term parity check (acceptable). 
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TAPEGOAT PROTECTION... 


Works for You Anywhere! 


NATURAL GAS lines at compres- 
sor and meter stations give years of 
maintenance-free service when pro- 
tected by TAPECOAT, the coal tar 
coating in handy tape form. 


GAS DISTRIBUTION lines of 
large diameter can readily be pro- 
tected with TAPECOAT to withstand 
the abrasive and corrosive climate 
in underground service. 


Lines in OFF-SHORE DRILLING oper- 
ations need joint protection equivalent 
to the mill-wrapping on the pipe. 
TAPECOAT is most economical be- 
cause it gives lasting protection in under- 
water service. 


CABLE AND CABLE SPLICES in com- 
munications service are effectively and eco- 
nomically protected by TAPECOAT. 
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, ‘ ae = oa @ UNDERGROUND GAS STORAGE facilities can be 
~ : ” , — “buried and forgotten" when protected by TAPECOAT. 
Ps Note protection of tanks, pipe and pipe joints. 

STEEL MILL water lines in this new ties oes 


AIRPORT FUEL LINES need plant are joint-protected with TAPE- ORR ; 

the quality joint protection as- COAT. TAPECOAT can be used to Lines buried in cinders in RAIL- 
sured by TAPECOAT. It is easy advantage to protect any steel sur- ROAD YARDS need the sure » 
to apply by spiral or “cigarette” face in underground service, as Protection provided by TAPE- 
wrapping depending on the size roved since 1941. COAT. There's a size for every 
of the pipe. No training needed = purpose from 2” to 24” in width. 
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1567 Lyons Street, Evanston, Ill. 







Manufactured and Distributed in Canada by 
The Tapecoat Company of Canada, Ltd., 
25 Haas Road, Rexdale, Ontario 
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TOTAL OF S&S STEPS 


2 SHORT STEPS 
3 LONG STEPS 


FIG. 25. Meaning of term parity check (not acceptable). 


ations to be performed at remote 


g of pipeline machinery, an operation 

e of security, is a command that can 
ype of validity check. False starts of 
stations not only are detrimental to 
prove detrimental to the pipeline 
lish power demands at stations that 
nned operations. A rather convenient 

y can be utilized in such situations by 


digital messages. The upper message 
th all other steps, 2 through 14, shown 
the message makes use of both states, 
jaracterize information with the length 
zing whether the step is to be yes or 
tate could be used in a message as the 
tarting of a large horsepower electric 
ter station. We can make this control 

: the control redundant; that is, send 
to each other in consecutive order 


within a certain period of time. We could also send two 
steps long in the same message. The lower message in Fig. 26 
is of the latter type. Here we show steps 3 and 5 both long. 
This combination could be used to initiate the starting of a 
remote booster station by placing logic circuitry in the 
receiving equipment at the station. The logic circuitry would 
be designed to allow the pumping unit prime mover to be 
started only if steps 3 and 5 in the same message were both 
received in the “long” or “yes” state. Many variations can 
be made of this technique and others mentioned above. 


Importance of Management Policy 

It must be recognized that all validity checks represent a 
sacrifice in either the rate of information transmission, or 
in the capacity of the system or the total information that 
can be handled. Weighing the importance of these tech- 
niques in any given application is a necessary part of the en- 
gineering design of any digital telemetering and control 
system. Extremely well defined statements of policy are re- 
quired from management to apply these techniques in the 
most economic and profitable manner. kkk 


STEP 3 TO TURN ON 1000 H P MOTOR 





START 


STOP 


STEPS 3 & 5 mMUST BE LONG TO 
EFFECT STARTING OF 1000 HP MOTOR 


FIG. 26. Meaning of term redundancy. 


PIPELINE ENGINEER, July, 196] 





ONSTRUCTION 
OMING ... i. 


Based on 


e FPC e ICC 


Plan Gas Line to Tie 
Anadarko, St. Louis 

Oklahoma Illinois Gas Pipeline 
Company has been formed to build a 
550-mile natural gas pipeline from 
northwest Oklahoma to St. Louis. 

Fish Engineering Corporation is 
developing the project jointly with Pan 
American Petroleum Corporation. 
holder of extensive acreage in the 
Anadarko Basin of northwest Okla- 
homa. 

Although final specifications have 
not yet been determined, the line would 
begin near Woodward, Oklahoma, go 
through the northern part of the state, 
cross southeast Kansas, and diagonally 
cross Missouri to St. Louis, also cross- 
ing the Mississippi River to serve west- 
ern Illinois. 

When actual construction begins, the 
project will require about three 
months, according to Ray C. Fish 
board chairman of Fish Engineering 


72-Mile Gas Line 
Before Colorado PUC 

Western Slope Gas Company says 
it has engineered and is ready to pro- 
ceed with construction of a $1,075,- 
000, 72-mile, 4'2-in. gas pipeline, as 
soon as the Colorado Public Utilities 
Commission has granted a certificate 

The line will extend from a point 
near Rifle, Garfield County, Colorado, 
to the areas of Silt, Newcastle, Glen- 
wood Springs, Carbondale, Basalt, and 
Aspen (through Garfield, Eagle, and 
Pitkin counties). 

Western Slope has under contract 
gas reserves in the Powell Park area 
of Rio Blanco County and the Rulison 
area in Garfield County, plus gas for 
delivery by El Paso Natural Gas Com- 
pany at the Piceance Creek field, Rio 
Blanco County 


Producers Propose Line In 
Trans-Prairie Operations Area 

Producers in the Blueberry field of 
British Columbia have filed an applica- 
tion to build a 75-mile small-diameter 
crude oil pipeline from the field in the 
northeastern sector of the province to 
the Taylor refinery. 

The application will be contested by 
Trans-Prairie Pipelines, Ltd., owner 
and operator of a recently-compl!eted 
gathering system in the region. 
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e Owner Companies 


[he new applicant is British Colum- 
bia Oil Transmission Company, Ltd. 
- owned by Sun Oil Company, Fargo 
Oils, Ltd., Western Natural Gas Com- 
pany, and General American Oil 
Company. 


Utah PUC Approves 
103-Mile Gas Line 

Utah’s public service commission 
has approved a 103-mile, 20-in. pipe- 
line to connect the Ute Trail natural 
gas field in Uintah County to Utah 
Natural Gas Company’s 18-in. near 
the Clear Creek gas producing area in 
central Utah. 

Mountain Fuel Supply Company 
and Utah Natural were joint appli- 
cants. Mountain Fuel will construct the 
line, sharing cost and ownership 
equally with Utah Natural; and also 
purchase 50% interest in the 18-in. 
and lease the other 50%. 





From Japan come new reports that 
Teikoku Oil Company, utilizing U. S. 
construction know-how, will lay a 215- 
mile pipeline from Kubiki to Tokyo to 
supply 17,655,000 cu ft of gas daily 
to Tokyo Gas Company. Inquiries 
about this $13,900,000 plan should be 
directed to Teikoku Sekiyu Kabushiki 
Kaisha (Teikoku Oil Company, Ltd.) 
Tokyo, Japan 





Alberta Firm Enlarges Plans 
To Pipe Natural Gas Liauids 

The plan of Hughenden Pipe Lines, 
Ltd., to pipe natural gas liquids in 
Alberta has been revised to nearly 
double the size of the original 149- 
miles on which a hearing was held 
several months ago. 

Hughenden now proposes a 2-stage 
operation. First stage of the intended 
$3.000,000 system will include 89 
miles of main line from Nevis gas 
field to underground storage caverns 
at Hughenden and 60 miles from Rim- 
bey gas field to Nevis. Second stage 
would include 146 miles of extensions 
taking in Innisfail and Windfall pro- 
cessing plants, as well as a loop of the 
line between Rimbey and Breton. 

The Alberta Conservation Board is 
expected to hold a hearing early this 
fall on the revised project. 
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/LEETELINE 
WELDING FITTINGS 


LITERATURE 
BY AIR MAIL... 


...ask for it now. 


REDUCERS: Concentric and eccen- 
tric. Nominal pipe sizes 1” to 30”, 
ASA B16.9, ASTM A234. Schedules 
10 to 160, stainless steel, and other 
alloys. Special lengths and sizes. 


—_ 


SADDLES: Conventional, and for 
pressure vessel heads. Nozzle sizes 
from %4" to 24”. Fleet-Line saddles 
weld neatly into place in much less 
time, and with much less welding 
rod. 


Full encirclement saddles. 


REDUCING TEES, Forged Steel 
Manifold Type. 


Dealers and Stocking Distributors 
throughout the United States and 
Canada. 


All orders acknowledged by air 
mail or long distance telephone and 
filled at once. 


STEEL FORGINGS, Inc. 


P. O. Box 276A * Shreveport, La 
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SEC REPORT 


$22,000,000 Construction. Michigan- 
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from six banks 

nts not to exceed 
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Transco Wiris Okay 
On 286 Miles of Loops 


Transcontinental Gas Pipe Line 
Corporation's proposal to build 286 
miles of 30 and 36-in. main line loops 
in Texas, Louisiana, Mississippi, Ala- 
bama, Georgia, and South Carolina 
has received the approval of the Fed- 
eral Power Commission. 

Involved also are: 38,540 additional 
compressor horsepower; 7 miles of 
16-in. sales laterals; 1.2 miles of dual 
12-in. river crossing; 6 miles of small- 
diameter purchase laterals; meter, mea- 
suring, and regulator stations; and 
appurtenant equipment. 

The construction, to cost about 
$54,557,700, will increase Transco’s 
firm gas deliveries to 31 existing resale 
customers by 114,753,000 cu ft daily. 


La., N.M. Work Win 
Temporary Okays 

The Federal Power Commission, 
acting on two March 15 filings, has 
granted temporary authorizations to 
Trunkline Gas Company and Trans- 
western Pipeline Company to build a 
total of 149 miles of pipelines. 

Trunkline will install 77 miles of 
26-in. and 24 miles of 18-in. loop in 
Louisiana, 24,000 additional horse- 
power in eight existing stations, and 
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1443 WASHINGTON 
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metering facilities, at a cost of $18,- 
000,000, to permit delivery of an 
additional 54,141,000 cu ft daily to 
12 existing customers, principally Mis- 
sissippi River Transmission Corpora- 
tion and Illinois Power Company. 

Transwestern will build about 48 
miles of small-diameter gathering line 
and two measuring stations, at a cost 
of about $904,760, to take gas from 
points in Bluitt field, Roosevelt County, 
New Mexico. 


Extensive UGPL Work 
Receives “‘Temporaries”’ 

Acting upon two proposals, the Fed- 
eral Power Commission has granted 
United Gas Pipe Line Company tem- 
porary authority to build 217 miles of 
30-in. between St. Mary and Ouachita 
parishes, Louisiana, and 59 miles of 
36-in. to connect its existing system 
near Lirette to the Bastian Bay area of 
Plaquemines Parish. 

The latter is conditioned upon 
acceptance of temporary authoriza- 
tions granted Gulf Oil Corporation 
and Tidewater Oil Company to sell gas 
to United. 

Cost of combined 
$48,745,010. 


facilities is 


Cities Service Improvements 
In Kansas, Missouri Okayed 
Cities Service Gas Company has 
received Federal Power Commission 
authority to loop 8.5 miles of its 
Ottawa-Sedalia-Carrollton 12-in. line 
with 20-in., replace 8 miles of its 
Springfield 10-in. with 16-in., replace 
5 miles of the Neosho 4-in. with 8-in., 
and replace 2.5 miles of its 12 aad 
16-in. Range line with 16-in. 
Facilities, estimated at $1,169,000, 
will be in Franklin and Miami counties, 
Kansas, and Jasper, Lawrence, Chris- 
tian, and Newton counties, Missouri. 


Offshore Plans Receive 
Temporary Certificates 

Two construction proposals designed 
to take gas from offshore Louisiana 
have received temporary approval of 
the Federal Power Commission. Both 
are conditioned upon acceptance of 
temporary authorizations to producers 
involved. 

Tennessee Gas Transmission Com- 
pany, one of the applicants, will build 
about 33 miles, estimated at $3,403,- 
000, to attach an estimated 382.5 bil- 
lion cu ft to be produced in Lac Blanc 
field, Vermilion Parish, and West 
Cameron Block 68 and Grand Isle 
Block 47. 

The other applicant, Transconti- 
nental Gas Pipe Line Corporation, will 
build 37 miles of small-diameter sup- 
ply lines, estimated at $1,959,006, to 
take production from the Ship Shoal 
and South Pelto areas. 
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Recent Applications 
For Gas Line 
Construction 


Coastal Transmission Corp., Houston, 
Texas, CP 61-287, filed May 8. 

Construction: 6.7 miles of 4-in. lat- 
eral from existing main line to a point 
in Pecaniere field, St. Landry Parish, 
Louisiana; and two 8-in. laterals, 7 
miles each, one from the Lake Chicot 
field lateral to Lake Fausse Point field 
in Iberia and St. Martin parishes, and 
the other from Lake Mongoulois field, 
St. Martin Parish. 

Cost: $1,047,000 total. For the 4-in. 
line: pipe and installation, $22,680 
and $42,760; casing and installation, 
$630 and $2400; coating and installa- 
tion, $720 and $4040; valves and fit- 
tings and installation, $2440 and 
$800; Louisiana sales tax, $530; and 
other costs, $24,000. For the 8-in. lat- 
erals: pipe and installation, $170,315 
and $497,523; concrete materials and 
installation, $43,032 and $44,712; 
coating and installation, $13,751 and 
$13,765; valves and fittings, $8989; 
Louisiana sales tax, $4913; miscellane- 
ous and other costs, $101,000. 


El Paso Natural Gas Co., El Paso, 
Texas, CP 61-296, filed May 22. 

Construction: 8.2 miles of 34-in. 
loop from Gallup compressor station 
to intersect with Permian-San Juan 
crossover line, McKinley County, New 
Mexico. 

Cost: $1,148,000 as follows: pipe, 
$598,400; survey, $1250; damages, 
$5550; right-of-way, $5550; other field 
costs, $30,360; clearing, $11,050; un- 
loading, hauling, stringing, $22,100; 
ditching, $45,900; bending, $7400; 
line-up, weld, $47,850; cleaning, prim- 
ing, painting, $57,050; lowering-in, 
$5500; backfill, clean-up, $14,700; 
valve assemblies, $56,000; test, purge, 
pack, $1500; moving men, equipment, 
$14,800; accessory equipment, $3300; 
overhead, $52,000. 


Hope Natural Gas Co., Clarksburg, 
West Virginia, CP 61-298, filed May 
23, 1961. 

Construction: 1.47 miles of 6-in. be- 
tween Arnoldsburg and Normantown, 
Gilmer County, West Virginia. 

Cost: $53,000 of which $21,764 is 
for materials and $31,340 for con- 
struction. 
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Montana-Dakota Utilities Co., Minn- 
eapolis, Minnesota, CP 61-297, filed 
May 23, 1961. 

Construction: (1) 13.6 miles of 8-in. 
between Burke and Williams counties, 
North Dakota; (2) 298-hp compressor 
unit and rearrangement at existing sta- 
tion, South Elk Basin, Park County, 
Wyoming; (3) and extensions to city 
gates for, and distribution systems in 
Arnegard, Alexander, Watford City 
and Fryburg, North Dakota, and meter 
and regulating station at Hardin, Mon- 
tana. 

Cost: (1) $319,480 as follows: pipe, 
$134,640; other materials, $18,233; 


labor, $82,500; right-of-way, $12,240; 
surveying, mapping, $2040; supervi- 
sion, $11,700; contingencies, $13,167; 
interest, $2760; gas purchasing station 
in Burke County, $32,100; check meter 
and regulating station where proposed 
8-in. from Gilchem Corporation lig- 
nite plant and North Tioga gasoline 
plant junctions with Tioga-to-Minot 
and Tioga-to-Williston lines, $10,000; 
(2) $71,060 as follows: structures, 
$2460; station equipment, $56,158; 
labor, $5200; supervision, $3192; con- 
tingencies, $3350; interest, $700; and 
(3) $719,720. 
Total cost: $1,110,260. 
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Transcontinental Gas Pipe Line Corp., 
Houston, Texas, CP 61-294, filed May 
18, 1961. 

Construction: a southeast Louisiana 
gathering system including: (1) a 4200- 
hp compressor station and appurtenant 
piping, Terreb Parish, near Mos- 
quito Bay miles of 20-in., Eu- 
gene Island ) 17 miles of 16-in. 
from Eugene Island area to South 
Marsh Island (4) 8.50 miles of 
8-in., Soutk Island area; (5) 33 
miles of p Shoal area; (6) 
two meter st South Marsh Island 
area; and station, Ship Shoal 
area. 

Cost: $12 19 total which in- 
cludes: (1) 1 rials, $1,079,900; in- 
stallation 300; piping, $120,000; 
(2) pipe, inst $2,032,334 and 
$1,807,080 materials, installa- 


tion, $908,572 and $215,490; right-of- 
way, $56,160; and survey, field engi- 
neering, $83,250; (3) pipe, installa- 
tion, $752,517 and $762,960; other 
materials, installation, $271,467 and 
$136,171; survey, engineering, $38,- 
250; (4) pipe, installation, $194,915 
and $314,160; other materials, installa- 
tion, $62,915 and $94,227; right-of- 
way, $43; survey, engineering, 
$15,725; (5) pipe, installation, $1,- 
145,643 and $1,306,800; other mat- 
erials, installation, $381,704 and 
$176,795; right-of-way, $28,521; sur- 
vey, engineering, $167,650; (6) $49,- 
800; (7) $23,650. 

Construction: a central Louisiana 
gathering system which includes: 20- 
miles of 16-in. in the Vermilion area. 

Cost: $2,333,149 as follows: pipe, 
installation, $861,780 and $897,600; 
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a Alberta Consolidated Pipe Line Builders. 
Alberta ¢ ] k Line Company, Ltd. 
-113 mi from Priddis, Al- 

berta, to Rocky Mountain 

House, and ¢ of 16-in. from the 

main line 1 ton Park gas field to 

the Montana near Carway. Alberta 

Consolidate t veniure of Mannix 

Company, | Piggott Construc- 

tion, Ltd Calgary; Banister 
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and Marin ind Dredging, Ltd., 

Vancouver! 


@ Banister Construction Co. Ltd., 625 North- 
ern Hardware Bidg., Edmonton, Alberta, 
Canada. 
Trans-Pr f 
crude oil 
Columbia, 
raylor to 
6-in., Bour 


Lines Ltd.—160-mile 
northeastern British 
40 miles of 4-in., 
reek; 30 miles of 
e to Taylor; 75 miles 


other materials, installation, $339,062 
and $155,907; right-of-way, $100; sur- 
vey, engineering, $45,000; and meter 
station, $33,700. 

Total Cost: $16,700,000. 


Transwestern Pipeline Co., Houston, 
Texas, CP 61-299, filed May 24. 

Construction: well tie ins, measuring 
and regulating facilities, and 6.89 
miles of 4%2-in. in Ellis and Beaver 
counties, Oklahoma, and Hemphill, 
Ochiltree and Roberts counties, Texas 
— plus line tap and valve at intersec- 
tion of El Paso’s and applicant’s facili- 
ties in Beaver County, Oklahoma — 
to exchange gas with El Paso Natural 
Gas Company. 

Cost: $245,282 total, of which appli- 
cant’s share is $157,346. In addition, 
applicant’s share of facilities already 
built by El Paso is $13,010. 


PIPELINE CONTRACTORS 


of 8-in., Taylor to Milligan Creek field; 
11 miles of 4-in., Milligan Creek to West 
Beaton field; 2 miles of 8-in., Taylor sta- 
tion to tank car loading rack; and 2 miles 
of 4-in., Taylor station to McMahon re- 
finery. Crews are presently laying 8-in. 
pipe, under the supervision of Bill 
Bartlett. 


@ Brodie Construction Co., Box 2646, Ama- 
rillo, Texas. 

Northern Natural Gas Co.—176 miles 
of 2 through 8-in. in Iowa. 


@ O. R. Burden Construction Corp., Box 5216, 
Tulsa, Oklahoma. 
Alamo Gas Supply Co. — 291 miles of 














It is as handy as a flashlight; 
the maintenance Is trivial; 


The MINIATURIZED-PRECISION 
WILKINSON Line Locator Model W-3 


This radically new, super-powered, transistorized instrument weighs only four pounds 
and is one-fourth the size of conventional pipe locators. 


14 through 24-in. in southwest Texas to 
supply gas to San Antonio, Texas. 


@ Canadian Bechtel, Ltd., 25 King St., W., 
Toronto 1, Ontario, Canada. 

Western Pacific Products and Crude Oil 
Pipelines, Ltd. — 145 miles of 12-in. in 
British Columbia from Taylor to Pine 
Pass. 


@ Canadian-Parkhill Pipe Stringing Ltd., 164 
Eglinton Ave., E., Toronto, Ontario, Canada. 

Alberta Gas Trunk Line Co., Ltd. — 
under subcontract from Dutton-Williams 
Bros., 20 miles of 22-in. and 62 miles of 
30-in. from Windfall to Lovett River; 
under subcontract from Majestic Contrac- 
tors Ltd., 63 miles of 30-in. and 38 miles 
of 22-in. from Lovett River to Rocky Mt. 
House, and 113 miles of 36-in. from west 
of Calgary to the British Columbia bor- 
der; and under subcontract from Piggott 
Construction Ltd., 64 miles of 16-in. from 
the southend lateral to the Montana bor- 
der. Field office: Calgary. Curtis Williams 
is general superintendent, Wes Strangh is 
office manager. 


@ Contracting & Material Co., 1235 Dodge 
Ave., Evanston, Illinois. 

West Shore Pipe Line Co. — 32 miles 
of products main line in Illinois, including 
a lateral extension to Blue Island, with 4 
miles of receiving lines from refineries in 
the Lockport and Lemont areas to the 
Romeo station site; and, also in Illinois, 
32 miles of main line and one mile of 
delivery line to facilities in the vicinity of 
Des Plaines terminal. 


@ Davis Construction Co., 709 N. Broadway, 
Cleveland, Oklahoma. 


Northern Natural Gas Co. — 116 miles 
of 2 through 8-in. in Minnesota. 


the non-leak miniature batteries last ten 
times longer. Long-life transistors eliminate 
replacement. Molded glass fibre cases. Transistor ear set. Telescopic handle. 
Etched circuitry. Contained in carrying case. 


WILKINSON PRODUCTS COMPANY 


“SINCE 1940"° 
Pasadena 3, California ® 


@ Dutton-Williams Brothers, Ltd., North Cana- 
dian Oil Building, Calgary, Canada. 
Alberta Gas Trunk Line Company, Ltd. 
—62 miles of 30-in. from West Cynthia to 
West Whitecourt, Alberta, and 20 miles 





S$Yivan 0-4314 








3987 Chevy Chase Drive ° ‘ 
am of 22-in. lateral from this main line to the 
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Whitecourt field. Harland Evens is project 
manager. 

Western Pacific Products and Crude Oil 
Pipelines, Ltd. — 360 miles of 12-in. in 
British Columbia from Prince George to 
Kamloops, under supervision of Harland 
Evens and E. Maddoms. 


@ R. H. Fulton & Co., Box 1326, Lubbock, 
Texas. 

Continental Pipe Line Co.—550 miles 
of 2, 3, 4, 6, and 8-in. in Montana and 
Wyoming. 

Northern Natural Gas Co. — 428 miles 
of 2 through 10-in. in Iowa. 


@ Grayco Constructors, Inc., Box 4147, 
Austin, Texas. 

Humble Oil & Refining Co. — 13 miles 
of 26-in. beginning near Port Acres, Jef- 
ferson County, Texas, and extending 
northeasterly to near Bridge City, Orange 
County. Headquarters: Port Arthur. 
Superintendent: Emmett E. Wilkerson. 


@ Hall Construction Co., 1105 N. Carlton, 
Liberal, Kansas. 

Panhandle Eastern Pipe Line Co.—a 
330-mile, 4 through 12-in. gathering sys- 
tem in western Kansas. Supervising are 
Mike Bell and M. E. Banning. 


@ Harbert Construction Corp., Drawer 75, 
Birmingham, Alabama. 

Northern Natural Gas Co. — 138 miles 
of 2 through 8-in. lateral lines in Minne- 
sota. Field office: Pine Island. Superinten- 
dent: Jay Cundiff. 


@ Houston Contracting Co., 2807 Buffalo 
Speedway, Houston 6, Texas. 

West Shore Pipe Line Co. — 61 miles 
of 16-in. products line in Cook and Lake 


counties, Illinois, and Kenosha, Racine, 
and Milwaukee counties, Wisconsin. 


@ Joyce Pipe Line Co. and Joyce Western 
Corp., Box E, eee New York. 

Equitable Gas Co.—22 miles of 16 
through 20-in. from Blacksville, West 
Virginia, to Waynesburg, Pennsylvania, 
under supervision of Charles Joyce at 
Waynesburg. 


@ Majestic Contractors, Inc., subsidiary of 
Majestic Contractors, Ltd. 

Montana Power Co.—56 miles of 
16-in. from Cut Bank, Montana, prob- 
able headquarters, to the Canadian border 
near Carway, Alberta. 


@ Majestic Contractors Litd., 49 Jackes Ave., 
Toronto 7, Ontario, Canada. 

Alberta Gas Trunk Line Co., Ltd.—113 
miles of 36-in. from west of Calgary to 
the British Columbia border; and 63 miles 
of 30-in. and 38 miles of 22-in. from Lov- 
ett River to Rocky Mt. House to Cynthia, 
Alberta. Project office for the 36-in. line is 
in Blairmore, Alberta, with R. L. Leonard 
as superintendent. Rocky Mountain 
House, Alberta, is site of project office for 
22 and 30-in. lines and K. B. Killings- 
worth is superintendent. 

Canadian-Montana Pipe Line Co.—4 
miles of 16-in. from near Carway, Al- 
berta, to the Montana border. Cut Bank, 
Montana, is probable project office. 

Union Gas Co. of Canada, Ltd. — 20 
miles of 10 and 12-in. in the Elmira-Fer- 
gus-Waterloo area of Ontario, with Ernest 
W. Keller supervising from Cooksville. 


@ Midwestern Contractors, inc., 130 W. 
Liberty Dr., Wheaton, Illinois. 


West Shore Pipe Line Co.—in Lake 
County, Indiana, 10 miles of products 
line including 2 miles of main line and 8 
miles of receiving lines from shippers’ 
tank farms in the area to firm’s Hammond 
station. 


@ Jj. P. Neill and Company, Meadows Build- 
ing, Dallas, Texas. 

Pacific Gas Transmission Company — 
468 miles of 36-in. from California- 
Oregon boundary to Rosalia, Washington, 
as joint venture with Western Pipeline, 
Inc., Austin, Texas. Hermiston, Oregon, 
is field office now for a 153-mile, 36-in. 
segment from Hermiston to Rosalia, 
Washington. Jack Hays is superintendent, 
and Glen Goyne is office manager. 


@ Panama-Williams Corp., 1418 Melrose 
Bidg., Houston, Texas. 

West Shore Pipe Line Co. —76 miles 
of 16-in. products line in Milwaukee, 
Washington, Sheboygan, Calumet and 
Manitowoc counties, Wisconsin. This ex- 
tends from Granville station site in Mil- 
waukee County to the Brown County line. 


@ H. C. Price Co., Price Tower, Bartlesville, 
Okichoma. 

Pacific Gas & Electric Co. — 296 miles 
of 36-in. to the Oregon border from the 
San Francisco Bay area. Sunerintendent: 
R. L. Ezell. Office Manager: Bob Walker 
at McArthur, California. 

Pacific Gas Transmission Company— 
146 miles of 36-in. from Rosalia, Wash- 
ington, to the Idaho-British Columbia 
border. Superintendent: G. A. Reutzel. 
Office manager: E. Dickson at Veradale, 
Washington. 

Texas Eastern Transmission Corp. — 
26 miles of 30 through 36-in. in New 


SAVE TIME--MONEY--EQUIP MENT 


Rent the exclusive CROSE-PERRAULT PNEUMATIC-TIRED LOWERING-IN CRADLE 


Crose-Perrault's Pneumatic-Tired Lowering-in Cradle consists of an 
adjustable frame with rubber guide rollers and large pneumatic con- 


@ ELIMINATES NEED FOR 


sie Ca , inte th 
EVRA 906-8008 TRACTOR veyor rollers. Coated and wrapped pipe is gently guided into the 


ditch while the tractor moves steadily along the line. 

Permits one tractor to make continuous progress lowering pipe into 
the ditch. Saves the time lost in tractor maneuvering when two trac- 
tors must move around each other, unhooking and hooking up in 
order to move down the line. One tractor, making continuous progress 
along the ditch, can cover as much as three times the line as the two 
tractor ‘‘leapfrogging’’ method of lowering in. Available for three 
groups of pipe diameters: 4” to 12”, 12” to 24”, and 20” to 36”. 
For more detailed information, write today. 


@ ELIMINATES “LEAPFROGGING” 


@ SPEEDS OPERATION 


Bl 





Crose <> > 
perrau ait 


EQUIPMENT!CORP 


2765 Dawson Rood @ Phone WEbster 6-217! ©@ Tulso, 
Okichome @ BRANCH OFFICES: Houston, Texas @ 
Elizabeth, New Jersey @ IN CANADA: CROSE 
PERRAULT CANADA, LTD., Edmonton, Alberto @ 
Toronto, Ontario @ EXPORT OFFICE: New York, N.Y 
@ CABLE ADDRESS: CROSE 
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Jersey from near Lambertville to New 
Brunswick, with Elwood Roth supervis- 
ing. Nick Beffer is office manager at 
Flemingtor 


@ Price-Poole of Canada, Lid., Box 969, Cran- 
brook, B. C., Canada 
Alberta Natur 

miles of 36-in. fi 
Idaho boundary at 
Joint venture of H. C. Price Company of 
Canada, Ltd., Calgary, and Poole Con- 
struction Company, Ltd., Edmonton. C. E. 
Shivel is sup tendent, and Wayne 
McKnight is anager at Cranbrook, 
a: Ge 


Gas Company — 107 
Crowsnest Pass to the 
Kingsgate-Eastport. 


@ R. E. Reutze! Co., Inc., 
Nebraska. 
Northern N 


Box 727, Fremont, 


Gas Co. — 116 miles 
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TAPE 


Fast... Easy Pipe 
Protection 





SEND FOR 
FREE 
SAMPLE 


Joint 
wrapping of 
mill coate 

iS €asy, | 
with Arn 

Its inert 


Wrap Tape. 

ylene backing Is 
n-conductive and 

cids and alkalis. Tough 

h-tack adhesive. Write 

ind free test sample. 


ARNO ADHESIVE TAPES, INC. 


moistur 
resistan 
and stre 
for inf 


esive Tape Division 


5121 Ohio Street, Michigan City, Indiana 





MANUFACTURERS AGENTS WANTED 
FOR SOME SELECTED AREAS 











of 2 through 8-in. in South Dakota. Har- 
old Holmes is superintendent and R. E. 
Whitworth is office manager. 


@ River Construction Corp., Box 9127, Ft. 
Worth 7, Texas. 

Service Pipe Line Co. — 60 miles of 12- 
in. loops on the LaPlata, Missouri — 
Wood River, Illinois, trunk line. Head- 
quarters: LaPlata and Bowling Green, 
Missouri. Superintendent: T. M. Tatom. 

Natural Gas Pipeline Co. of America 
— station piping revisions at Truro and 
Harper stations in Iowa, and Geneseo in 
Illinois. 


@ Shamrock Construction Co., Box 1177, 
Lansing, Michigan. 

Northern Natural Gas Co. — 130 miies 
of 2 through 8-in. laterals in Towa. 


@ Shamrock Constructors, Inc., Box 505, 
Dodge City, Kansas. 

Mustang Fuel Corp.—77 miles of 
12-in. gathering lines in Canadian, Dewey, 
and Blaine counties, Oklahoma. Head- 
quarters: El Reno. 


@ Sheehan Pipe Line Construction Co., 514 
National Bank of Tulsa Bldg., Tulsa, Okla- 
homa. 

Transwestern Pipeline Co.—has 
underway an additional 100 miles on the 
4, 6, 8, 10, and 12-in. gathering system 
in Oklahoma, Texas, and New Mexico. 

SunOlin Chemical Co. — 50 miles of 
6-in. and 30 miles of 4-in. in New Jersey 
from Paulsboro, where headquarters is 
located, to Deepwater. C. M. Brown is 
superintendent. 


@ Somerville Construction Co., 6648 Fulton 
Rd. East, Ada, Michigan. 

West Shore Pipe Line Co. — 36 miles 
of products main line and 7.5 miles of 
delivery line to Jones Island delivery ter- 
minals and to the vicinity of Granville 
station — Milwaukee and Waukesha 
counties,Wisconsin; and 23 miles of main 
line and 6 miles of delivery lines to ship- 
pers’ terminals at Green Bay, all in Brown 
County, Wisconsin. 


@ Stanley-Bledsoe Corp., 612 Daniel Bidg., 
Tulsa 3, Oklahoma. 

Pacific Gas Transmission Co.—double- 
jointing and yard-treating 466 miles of 
36-in. pipe in three schedules in Klamath, 
Jefferson, Umatilla, and Gilliam counties, 
Oregon, and Walla Walla and Whitman 
counties, Washington. Superintendent: W. 
D. Smith, Jr. 


@ Turriff-Burden, Ltd., Turriff Bidg., Great 
West Rd., Brentford, Middlesex, England. 

Iraq Petroleum Co. Ltd.—315 miles of 
30 and 32-in. pipeline from Kirkuk to the 
Syrian border, connecting Rumaila and 
Fao. M. T. Wilhite is project manager in 
Baghdad, Iraq. Field construction super- 
intendent is G. E. Beaver, assistant man- 
ager is P. A. McCormack, and office 
manager is Brian H. Lusk. 


@ Western Pipeline, Inc., 311 East 11th 
Street, Austin, Texas. 

Pacific Gas Transmission Company — 
468 miles of 36-in. from California- 
Oregon boundary to Rosalia, Washington, 
as joint venture with J. P. Neill and Com- 
pany, Inc., Dallas, Texas. J. C. Oliver is 
project manager. Johnnie Wells is super- 
intendent on a 150-mile segment between 
Malin and Bend, Oregon; and Ervin Simp- 
son is superintendent on 150 miles between 
Bend and north of Ione, Oregon. 


@ J. O. (Red) Willett Pipe Line Stringing 
Corp., Box 2836, Monroe, Louisiana. 

United Gas Pipe Line Co. — unloading 
51 miles of pipe at Tioga, Louisiana; 60 
miles at Loreauville, Louisiana; and 59 
miles at Columbia, Louisiana. 


@ Williams Bros. Co., National Bank of Tulsa 
Bidg., Tulsa, Oklahoma. 

National Iranian Oil Co. —a 516 mile, 
8-in. petroleum products line in Iran from 
Rey, near Tehran, northeast to Meshed. 

Bataafse Petroleum Maatschappij, N.V. 
—a 157-mile, 20-in. pipeline in Indonesia. 
Field office: Balikpapan. Superintendent: 
J. Childress. 

Niederoesterreichische Gasvertriebs, 
AG (NIOGAS) — 47 miles of 8 through 
10-in. in Austria. Headquarters: Herzog- 
enberg. Superintendent: W. Tierney. 





lt'’s New PIPELINE 
a: EQUIPMENT 

WORLD-WIDE NEW EQUIPMENT GUIDE 
COMING JULY 15 


The regular monthly NEW EQUIPMENT and 
NEW LITERATURE pages are omitted from 
this issue only. These popular features 
appear again in the August issue. Mean- 
while, watch for the WORLD-WIDE NEW 
EQUIPMENT GUIDE, the latest and most 
complete reference manual of petroleum 
industry equipment, services, and products 
from around the world. 











ertal Control Inc. 


PRECISION SURVEYING 


PRECISION ROUTE & LOCATION SURVEYS FOR PIPELINES 


Experienced in modern electronic distance measuring, 
electronic computing and photogrammetric mapping. 


2412 S. Garfield Ave. 


e Monterey Park, California e RA 3-904] 
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eepest Penetra 


Highest Well Flow Index — 


110 


Lane-Wells KONESIIO] Perforators 


with the new, more powerful NCF Il Charge 
22-28% greater penetration, 30-37% higher WFI 


Lane-Wells’ continuous program of intensive research binations, with a maximum of 96 shots per run in the 
in perforating methods and explosives has resulted in 314” size and 128 shots in the 3°,” and larger guns 
Each may be loaded with a shor density from one to 
four shots per foot 

Koneshot guns have established an enviable perform 


ance record for deep, clean, carrot-free perforating. Now, 


the development of the new NCF II (Non-Carrot 
Forming ) charge, size for size the most powerful shaped 
charge available in the industry. With this new charge, 
the high performance characteristics of the widely used 


Koneshor Retrievable Perforators have been greatly in- 
creased, with penetration and Well Flow Index superior 
to any other casing perforators. 

Now, for the first time, an NCF charge is available in 
the 344” Koneshot gun, extending its range beyond that 
of any other gun of its size. With the addition of this 


with greatly increased penetration and the highest aver- 
age flow rate published for any casing perforators, they 
are far and away your best buy in shaped charge 
perforating. 

The new NCF II charge is available in 35,” and 
larger sizes in all areas. The 314” NCF II, while now in 


limited distribution will soon be available at all locations. 
Ask your Lane-Wells representative for full information 
or write for descriptive brochure. 


new smaller size, Koneshot NCF guns are now available 
in a range of sizes for perforating all casing 4” and 
larger. They are available in various lengths and com- 





HIGHEST PUBLISHED PERFORMANCE FIGURES IN THE INDUSTRY FOR COMPARABLE GUNS. 


Koneshot — 


NCF Il (Berea) 
3%" 389” 8.25” 22%* 1.40 37 %* 

35” or 4” 40” 10.9” 28%* 1.80 30%* 
Performance figures are average of 10 shots * Over previous Koneshot charge 


Well Flow Per Cent 
Index Increase 


Per Cent 
Increase 


Ent. Hole 


Clearanc 
° Diameter 











LANE-WELLS CO. 


P.0.B8O0OX 1407 HOUSTON |, TEXAS 


DRESSER INDUSTRIES, INC. 
OIL -GAS-CHEMICAL-ELECTROMIC- INDUSTRIAL 


The COMPLETE SERVICE Company | OPEN HOLE LOGGING ¢ COMPLETION LOGGING ¢ SIDE WALL CORING®e 


PERFORATING © FORMATION TESTING « VIBRO-FRAC ¢ BRIDGING PLUGS 


























MORI SS from HALLIBURTON 


THE 


IGN 


FOR 
FRACTURING 
WELLS 


Halliburton’s new FRACPLAN procedure enables you to preplan 
a specific fracturing treatment. This preplanning can pay off in 
greater flow capacity of the fractured formation—resulting in 
greater productivity. 

Through the results of many contributing research and develop- 
ment studies, this advanced way of production stimulation was 
achieved. Halliburton is proud to offer FRACPLAN’s benefits to 
the petroleum producing industry. 


Maintaining leadership in oilfield services is a dual promise at Halliburton. 
We have pledged it to you... and to ourselves. 


Halltburton COMPANY 


DUNCAN. OK LA HOW A 








